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ident OUTLOOK FOR FURTHER ORE DISCOVERIES IN 
sah THE LITTLE HATCHET MOUNTAINS, 

Elect NEW MEXICO: 
SAMUEL G. LASKY. 
: ABSTRACT. 
ee The Little Hatchet Mountains contain two mining districts, 


the Eureka silver-lead-zine district and the Sylvanite gold dis- 

/EMON trict, the deposits of each being associated with a mass of mon- 
zonite that intrudes Lower Cretaceous sediments. The same 
formations crop out in both districts, having been duplicated 
by a large post-ore fault, and the two monzonite masses and their 
accompanying mineralized zones lie at essentially the same strati- 
graphic position in the two fault blocks. The deposits of the 
Eureka district are mesothermal whereas those of the Sylvanite 
district are hypothermal, but the two groups are mineralogically 

merica similar in many respects. 

As the two monzonite exposures are several miles apart, the 
natural inference is that there are two separate intrusions. 
Contrary to this inference, the evidence of structure, mineralogy, 
and petrology indicates that the two monzonite masses are faulted 
parts of the same body and that the mineralized areas of the 
Eureka and Sylvanite districts were originally continuous and 


gnerica 


airman zonally related, the original igneous mass having been a flat-lying 
- INSTRY sill-like streamer, 7 miles or more long, that was bordered by a 


contact-metamorphic halo and that formed the core of a zone of 
mineralization. 
The economic implications of this interpretation are three-fold: 
(1) the mineralized zone is limited in thickness and is restricted, 
like a bedded deposit, to a particular sedimentary horizon; (2) 
UGHLIN the area between the Eureka and Sylvanite districts, hitherto 
considered barren, should contain mineralized ground at variable 
depths below the surface; and (3) the deposits change along 
the trend of the zone from the gold deposits of the one district 

TON, JR. to the silver-bearing base-metal deposits of the other. In struc- 
ture and size the deposits in the hidden parts of the mineralized 
zone probably are similar to those already known. 


ICE 


1 Published by permission of the Director of the Federal Geological Survey. 
EN HALL Presented before Society of Economic Geologists, Washington Meeting, Dec. 29, 
1937. 
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Under the alternative interpretation that the two districts are 
separate centers of activity, the outlook for future successful 
prospecting depends upon the depths at which the underlying 
Paleozoic limestones lie and the possibility of large deposits 
having been formed in them. 
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FOREWORD. 


TueE Little Hatchet Mountains constitute an isolated desert range 
covering an area of about 75 square miles in the extreme south- 
west corner of New Mexico, lying partly within Grant and partly 
within Hidalgo Counties (Fig. 1). Prospecting and mining in 
this part of the State began about 1870, but, leaving aside the 
large-scale operations in the Lordsburg district,’ the aggregate 
value of the metals recovered from the ores mined from eight 
districts has been only about $2,000,000. The Little Hatchet 
Mountains area is credited with an output of about 60,000 
tons of ore whose gross value is estimated at not more than 
$1,250,000. 

In 1934 a survey was started by the Federal Geological Survey, 
in cooperation with the State Bureau of Mines and Mineral Re- 
sources of the New Mexico School of Mines,-with the aim of 
investigating the low mineral productivity of Hidalgo County, and 
field work was begun in the Little Hatchet Mountains. A de- 


2 Lasky, S. G.: Geology and ore deposits of the Lordsburg mining district, Hi- 
dalgo County, New Mexico. U. S. Geol. Surv. Bull. 885, 1937. 
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tailed report on the geology and ore deposits of the Little Hatchet 
Mountains is being prepared for publication by the Geological 
Survey 
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Fic. 1. Map of New Mexico showing location of the Little Hatchet 
Mountains (shaded area). 
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early discussions with S. B. Talmage of the New Mexico Bureau 
of Mines and Mineral Resources. 


STATEMENT OF THE PROBLEM. 


The Little Hatchet Mountains contain two mining districts, the 
Eureka district in the north half of the range and the Sylvanite 
district in the south half (Fig. 2). The deposits of the Eureka 
district are mesothermal and contain argentiferous ores of lead 
and zinc ina gangue predominantly of manganosiderite; those of 
the Sylvanite districts are hypothermal and contain native gold, 
tellurides, and minor sulphides, principally arsenopyrite and chal- 
copyrite, in a gangue of vein silicates, quartz, and calcite. 

In both districts the deposits are associated with monzonite 
intrusions. As the exposed areas of monzonite are several miles 
apart and as the mineralized areas around them are separated by a 
barren stretch I to 4 miles or more wide, the natural inference is 
that there are two separate intrusions. Contrary to this infer- 
ence, however, a variety of other evidence indicates that the two 
monzonite masses are in reality faulted parts of a single intrusive 
body and that the mineralized areas of the Eureka and Sylvanite 
districts were originally continuous and zonally related. The two 
interpretations lead to far different conclusions regarding future 
prospecting in the range. The evidence for and against the two 
alternatives is assembled and balanced in the following pages, and 
the economic implications of each alternative are discussed. A 
brief description of the geology and ore deposits is included prior 
to a discussion of the problem itself. 


GENERAL GEOLOGY. 


The rocks exposed in the Little Hatchet Mountains include 
chiefly sediments of Lower Cretaceous age; intrusive rocks of 
late Cretaceous or early Tertiary age; and Miocene (?) tuffs, 
breccias, and flows, which locally overlie the eroded and beveled 
outcrops of the other formations. The entire bedrock assemblage 
is surrounded by valley fill (Fig. 2). Paleozoic rocks crop out 
in the nearby ranges and desert hills and doubtless underlie the 
Little Hatchet Mountains. 
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The Lower Cretaceous rocks have been divided into seven 
formational units that have been named, in ascending order, the 
Broken Jug limestone, the Ringbone shale, the Hidalgo volcanics, 
the Howells Ridge formation, the Corbett sandstone, the Playas 
Peak formation, and the Skunk Ranch conglomerate * (Fig. 3a). 
The aggregate exposed thickness averages about 19,000 feet. 
They are composed in general of thin-bedded beach and near- 
shore marine deposits of shale, sandstone, limestone, and con- 
glomerate and include several thousand feet of contemporaneous 
volcanic rocks. The volcanic rocks consist largely of andesitic 
and basaltic flows and are confined chiefly to the Hidalgo vol- 
canics. 

These formations are intruded by a number of relatively small 
diorite sills (Fig. 2) and by later masses of monzonite and granite 
of stock-like dimensions. Three such masses, to ignore the vari- 
ous outliers, are exposed :—one of granite occupying the south tip 
of the range, one of monzonite somewhat to the north in the Syl- 
vanite district, and a smaller monzonite mass farther north in the 
Eureka district. All three lie sill-like, with concordant floors and 
roofs, within the sediments. They are not, however, extended 
sheets but are more nearly nail-shaped masses that parallel the 
dip of the invaded sediments; they are like gigantic examples of 
what Daly * calls “ ribbon injections.” Neither the granite nor 
the diorite sills are directly pertinent to this paper and no further 
mention of them need be made other than to add that they em- 
phasize the susceptibility of the formations to injections along 
the bedding. 

The monzonite of the Sylvanite district has a sub-rectangular 
exposure of about 6 square miles whose northwest part is cut 
off by a fault and whose southwest part extends under the valley 
fill. In general attitude the mass parallels the strike and dip of 
the enclosing formations but has a blunt and almost square- 
cornered southeastern end composed of four principal sill mem- 


3 Lasky, S. G.: A newly discovered section of Trinity age in southwestern New 
Mexico. Am. Assoc. Pet. Geol. Bull., May, 1938. 


4 Daly, R. A.: Igneous rocks and the depths of the earth, pp. 89-90, McGraw- 
Hill Co., 1933. 
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bers. Countless sills and dikes too thin to be shown on the map 
extend out into the enclosing rocks. The part of the southwest 
boundary that is exposed is concordant with the beds of the How- 
ells Ridge formation, and most of the northeast boundary is 
concordant with beds of the Broken Jug limestone, crosscutting 
contacts being local features only. The eastern of the two north- 
ward bulges along the northeast contact, as seen in plan, is not a 
crosscutting part but only a skin of monzonite that forms a dip 
slope on a high peak. The Howells Ridge formation thus forms 
the roof of the mass and the Broken Jug limestone the floor 
(Fig. 3). The thickness from floor to roof normal to the bed- 
ding is about 7,000 feet. An almost continuous tongue of the 
Howells Ridge formation, split longitudinally by thin sills of 
monzonite, extends westward through the monzonite with gen- 
erally concordant contacts, and a similar but less continuous 
tongue of the Broken Jug limestone penetrates the northern 
corner of the mass. 

The monzonite of the Eureka district has two major outcrops— 
one about 3,000 feet long and 500 feet wide that lies at and near 
the top of the Broken Jug limestone parallel to the bedding, and 
the other about 134 miles long and 4 mile wide that lies within 
the Hidalgo volcanics parallel to the general trend of the for- 
mation. The several outliers also conform to the sedimentary 
structure. 

30th the Eureka and Sylvanite bodies are bordered by a con- 
tact-metamorphic halo whose width ranges from 600 feet or less 
at the floor and roof of the intrusions, as measured normal to 
the bedding, to over 2 miles along some beds at the ends of the 
intrusions, where the width is measured parallel to the bedding. 
Within the sedimentary rocks the metamorphic halo consists 
chiefly of interbedded hornstones, garnetites, scapolite-diopside 
beds, and albite-diopside beds in the inner zone, and of marble- 
amphibole beds in the outer zones. In the Hidalgo volcanics the 
metamorphic minerals are epidote, pale-colored amphibole, and, 
locally, albite and sphene. 

The outstanding structural feature of the range is that the same 
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formations crop out in the north part of the range as in the south 
part, having been duplicated by the Copper Dick fault (Figs. 2 
and 3). The formations in the block north of the fault are bent 
into two principal folds: one a broad anticline whose axis trends 
northwest through the northeastern foothills, and the other a 
syncline whose axis trends north of west through the center of 
the range and pitches westward at an average of 18 or 20 degrees. 
The common flank between the two folds is broken by an ex- 
tensive strike fault (the Miss Pickle fault), and the south limb of 
the syncline is sharply cut off near the trough by the Copper Dick 
fault, which roughly parallels the syncline axis. The beds south 
of the Copper Dick fault form a southwestward dipping mono- 
cline. 

The Copper Dick fault dips northward between 50 and 63 de- 
grees. Its total displacement is estimated at about 15,000 feet, 
and the strike-slip component of movement appears to range 
roughly from 5,000 to 8,000 feet. The hangingwall has moved 
westward with respect to the footwall. The Miss Pickle fault 
seems to be a branch of the Copper Dick such as is commonly 
found in the hangingwall of most strong and relatively low-angle 
normal faults. Its dip is 60° to 70° SW., and its total displace- 
ment is estimated at about 6,000 or 7,000 feet; the direction of 
movement was nearly parallel to the strike, the hangingwall hav- 
ing moved westward relative to the footwall. Movement along 
beth faults has been distributed over a long period of time, but 
the greatest displacement is post ore. As now observable the 
Copper Dick fault brings the monzonite of the Sylvanite district 
and its metamorphic halo against unmetamorphosed sediments to 
the north, and more important still, forms a sharp north limit to 
the mineralized area of the Sylvanite district, the rocks north of 
the fault being entirely barren up to the fringe of the mineralized 
area around the Eureka monzonite. 


ORE DEPOSITS. 


Only five ore shoots of stoping size have thus far been found 
in the Little Hatchet Mountains. Two of them are in the Syl- 
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vanite district and three are in the Eureka district. Essentially 
the entire production of the range, about 60,000 tons, has come 
from these five shoots and the greater part of it has been from 
the Eureka district. None of the mines extends much below 
water level, which ranges from 10 to 225 feet below the surface, 
and those that do were flooded at the time of my visits. 


Sylvanite District. 

The deposits of the Sylvanite district are so few that it is diffi- 
cult to generalize as to their distribution, but all those mapped lie 
within the monzonite or its metamorphic halo. The most distant 
is about a mile from the contact. All except two are vein de- 
posits; of these two, one, including a few outlying pods, is a re- 
placement deposit of chalcopyrite in garnetite and one is a replace- 
ment deposit of pyrrhotite in quartzite. One of the vein deposits 
has been prospected for copper and one for lead, but all others 
have been prospected for native gold. The two productive shoots 
were the chalcopyrite replacement deposit, which yielded about 
4,000 tons of ore, and an oxidized copper-rich shoot in one of the 
gold veins that yielded about 1,300 tons of ore. 

The veins are commonly short and tight. The maximum 
length is about 1,500 feet, though at one place a number of linked 
or overlapping fissures form a vein zone a little longer. Some 
are stringer lodes and some are better defined fissures. They 
pinch and swell abruptly, the width ranging from that of a mere 
joint to a rare maximum of 15 feet; the average width is probably 
less than 1 foot. 

The usual ore minerals of the Sylvanite deposits are arseno- 
pyrite, chalcopyrite, pyrite, tetradymite, and hypogene native gold. 
Two generations of pyrite are present, one a pale cubic variety 
barren of gold and silver that belongs to the early sulphide stage 
of deposition and the other a yellow pyritohedral variety that con- 
tains appreciable gold and silver and belongs to the late sulphide 
stage. Magnetite, specularite, pyrrhotite, molybenite, and traces 
of sphalerite and galena have been found here and there; and one 
small prospect on the Bader property, at the bend of the Copper 
Dick fault (Figs. 2 and 3), contains sufficient galena to be ex- 
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plored for that mineral. Hessite has been identified in one vein. 
Here and there the ore minerals seem predominant, but on the 
whole they constitute a relatively small part of the total vein 
filling. The usual gangue minerals include quartz—massive 
coarse-grained, and generally white, but tending in one direction 
toward a glassy variety and in the other direction toward dull- 
white “ bull quartz ”’ 





and tourmaline, chlorite, actinolite, mus- 
covite, and iron- and manganese-bearing calcite. The calcite be- 
longs to two generations, the first accompanying the silicates and 
the second characteristically associated with the second genera- 
tion of pyrite, though only minor amounts of the second genera- 
tions of calcite and pyrite seem to be present. Minute threads of 
a second generation of chlorite locally cut the sulphides and other 
vein minerals. Epidote (pistacite), biotite, and orthoclase have 
been found locally, and coarsely crystalline vein scapolite (Mag; 
in composition) has been recognized in two veins, one cutting a 
lamprophyre dike in the heart of the stock and the other cutting 
a sill-prong of monzonite. Coarse-grained barite is abundant in 
a chalcopyrite prospect on the Bader property. 

Most veins have a white albitized border about 2 feet or 
less wide, but other effects of wallrock alteration are vague. 
Where the veins lie in the metamorphic halo, the garnet and di- 
opside beyond the albite border are weakly replaced by actinolite 
and the rock in general is somewhat more strongly replaced by 
calcite and is variably pyritized. Where the veins cut the igneous 
rocks the alteration minerals beyond the albite border consist 
primarily of pyrite and a little calcite. A little jasperoidal wall- 
rock was observed in the Bader area. 

The mineralogy of the Sylvanite deposits indicates a hypo- 
thermal environment, and the vein scapolite, whose composition 
is identical with that of the scapolite in the metamorphic halo, 
suggests that the upper limit of the temperature range was near 
the temperature boundary between the hypothermal and pyro- 
at about 600° C. The 
lowest temperature may have been as low as 150° C., as suggested 


metasomatic types, placed by Lindgren ° 


5 Lindgren, Waldemar: Succession of minerals and temperatures of formation in 


ore deposits of magmatic affiliations. A. I. M. E. Tech. Publ. 713, pp. 10-11, 1936. 
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Horizontal and vertical scale for all parts 
Fic. 3. Sequence of events in the development of the major igneous 
and structural relations in the Little Hatchet Mountains, New Mexico. 
Minor faults, Miocene (?) volcanic rocks, and alluvium not shown. 
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by the tellurides, one of which, hessite, Borchert ® claims forms 
only between 150° and 184° C., though Borchert’s figures remain 
to be verified. The minerals seem to form an orderly sequence, 
without any crowding of the different stages of deposition, and 
thus those veins that contain all minerals of the sequence pre- 
sumably passed through almost the entire hydrothermal range of 
temperatures. 

The general order of deposition is summarized in the left half 
of Fig. 4, the succession having been largely determined by field 
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Fic. 4. Diagram showing mineral succession in the Sylvanite and 
Eureka mining districts, Little Hatchet Mountains, New Mexico. 


observations. The full succession, mineral by mineral, cannot be 
determined because there are too few places where the sequence 
can be studied adequately, but the diagram helps to present the 
general picture. It is strictly qualitative, the lines representing 
the different minerals being drawn long or short as may be neces- 
sary to show the known detail. Minerals whose position in the 


6 Borchert, H.: Neue Beobachtungen an Tellurerzen. Neues Jahrb., Beilage- 


Band 69-A, pp. 460-477, 1935. 
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sequence is uncertain are shown by a question mark, but there are 
many degrees of uncertainty and the use of a solid line for a 
few of the minerals indicates only a feeling of moderate assurance 
as to their proper position. Nevertheless, although the details of 
succession are not certain for all minerals, the general course of 
deposition is clear, and three stages characterized by particular 
mineral associations can be recognized. They are: 

(1) The silicate stage, which may be separated into two sub- 
stages—an albite-tourmaline stage and a quartz-calcite stage with 
most of the remaining silicates. The arsenopyrite may be inter- 
mediate between the two, because at the one place where relations 
are clear the arsenopyrite replaces albite-tourmaline rock but is 
veined by the white sub-glassy quartz. The little specularite and 
magnetite seem to belong to the silicate stage. 

(2) The sulphide stage, which includes a little quartz, the 
barite and jasperoid of the Bader area, the second generation of 
calcite, and all the sulphides except arsenopyrite. 

(3) The telluride-gold stage. 


Eureka District. 

The principal deposits of the Eureka district lie near the smaller 
of the two main monzonite outcrops, and the three productive 
shoots lie within the Broken Jug limestone at the same horizon as 
the monzonite. The combined production of the three shoots is 
about 55,000 tons of ore. One shoot was an oxidized lead-zinc 
replacement deposit about 3,000 feet south of the monzonite and a 
little beyond the metamorphic halo, one was on a short vein that 
cuts both the monzonite and the metamorphosed limestone, and 
one was on a vein about 1,000 feet north of the monzonite. 
Other veins crop out elsewhere in the sediments, in the meta- 
morphosed rocks, in both masses of the monzonite, and in the 
Hidalgo volcanics. All these deposits lie within a band 1 to 1% 
miles wide that encompasses all exposures of the monzonite and 
that parallels the general trend of the formations. The band 
extends northwestward from the main part of the district to 
include a few short veins about 2 miles beyond the monzonite, and 
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southward to include some scattered prospects north of the Miss 
Pickle fault and a few stringers a little north of the Copper Dick 
fault. 

The veins are similar in size to those of the Sylvanite district. 
Of the two that contained productive shoots one is traceable as a 
zone of several discontinuous or overlapping members for about 
2,000 feet, and the other is traceable for about 1,000 feet. The 
width of the stopes on these veins averages about 3 or 4 feet. 

In general the deposits contain mixed sulphides in a mangano- 
siderite gangue. Galena and sphalerite are the most abundant 
sulphides. Pyrite is general, arsenopyrite is common in two 
veins, and tetrahedrite is common locally. Chalcopyrite is sparse. 
Minor amounts of specularite are present over most of the area. 
Tetradymite has been found in one prospect pit. The pyrite be- 
longs to two generations and in age relations, mineralogy, and 
relative gold-silver content is identical with the two generations 
of pyrite in the Sylvanite ores. As in the Sylvanite ores, the 
second-generation or pyritohedral variety is intimately associated 
with calcite that belongs near the end of the sulphide stage. A 
second generation of calcite, the familiar scalenohedral variety, 
fills fault fissures that offset the sulphide-bearing veins, and vel- 
vety globules of chlorite accompany this variety. Quartz, most 
of which has a tendency to be milky and some of which is dis- 
tinctly so, is widespread. Some veins, and particularly the tight 
parts between ore shoots, contain mostly quartz and the first- 
generation pyrite. Fine-grained barite is present here and there. 
In one of the arsenopyrite-bearing veins the arsenopyrite is em- 
bedded in a compact massive sericitic material of pale green color 
and very fine grain. Stringers that contain similar sericite, 
quartz and specularite cut altered country rock in an isolated area 
in which a fairly large volume of the rock has been impregnated 
with sericite, quartz, and specularite. A part of the quartz in 
these stringers resembles the white quartz of the Sylvanite district 
and a part the customary milky quartz of the Eureka district. 
Nearby, an insignificant isolated stringer contains muscovite in 


flakes fully half an inch across. 
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The wallrock alteration of the Eureka deposits, although much 
stronger than that of the Sylvanite veins, is nevertheless weak. 
Most veins have a silicified jasperoid selvage, and elsewhere the 
vein walls are replaced by manganosiderite, sericite, and calcite, 
accompanied by a few grains of pyrite and some hydrothermal 
quartz. The width of the jasperoid selvage is measurable only 
in inches, however, and the maximum width of the zone in which 
alteration of any kind is complete seems to be less than two feet. 

The mineralogy of the Eureka deposits indicates that, in the 
main, they are mesothermal, despite the meagerness of wall-rock 
alteration. The wide distribution of specularite suggests that 
moderately higher temperatures prevailed at an early stage, and 
the scalenohedral calcite indicates a general cooling down to low 
temperature conditions at the close of the mineralization period.’ 
The arsenopyrite in two of the veins, the muscovite in one 
stringer, and the little glassy quartz presumably indicate the up- 
permost reaches of underlying hypothermal conditions. 

The right half of Fig. 4 summarizes the general order of depo- 
sition for the minerals of the Eureka deposits. The general 
remarks given for the Sylvanite half of the diagram also apply 
to the Eureka half. Three stages of deposition analogous to the 
stages for the Sylvanite district can be recognized. They are: 

(1) A pre-sulphide stage, which includes arsenopyrite, musco- 
vite, sericite, specularite, manganosiderite, and white quartz re- 
sembling that of the Sylvanite district. This group of minerals 
suggests the late phase of stage 1 of the Sylvanite ores, the posi- 
tion of the first generation calcite of the Sylvanite ores being 
roughly occupied by manganosiderite in the Eureka ores. 

(2) A sulphide stage, whose gangue minerals include milky 
quartz, barite, and the first generation of calcite. 

(3) A post-sulphide stage, which includes the scalenohedral 
calcite, the associated chlorite, and perhaps the tetradymite. 

Among the details of paragenesis the similar positions of cal- 
cite, chlorite, and pyrite in the Eureka and Sylvanite assemblages 
may be emphasized, as each of them was formed at two different 


7 Schaller, W. T.: The crystal cavities of the New Jersey zeolite region. U. S. 
Geol. Surv. Bull. 832, p. 47, 1932. 
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stages. The first-generation calcite of the Sylvanite district, an 
iron- and manganese-bearing variety, may be considered analo- 
gous, as mentioned above, to the manganosiderite of the Eureka 
district. In general, if the Eureka half of the diagram is super- 
imposed on the Sylvanite half, the two districts show not only 
analogous stages of deposition but also analogous positions of the 
minerals. 
CONSIDERATION OF THE PROBLEM. 
Summary of the Evidence. 

The several pertinent facts mentioned in the preceding descrip- 
tions may be summarized as follows: 

(1) The entire sedimentary section, averaging close to 19,000 
feet in thickness, has been duplicated by the Copper Dick fault, 
so that essentially the same sequence now crops out in the south 
part of the range as in the north part. 

(2) Each of the fault blocks contains a center of mineraliza- 
tion—the Eureka district in the north block and the Sylvanite 
district in the south block. 

(3) The ore deposits of each district are associated with and 
clustered in and around a monzonite mass. 

(4) The two monzonite masses crop out in the same strati- 
graphic position, namely, at and near the disconformity at the 
top of the Broken Jug limestone. 

(5) Each monzonite mass is parallel in cross-section with the 
enclosing sediments and hence may be expected to continue, nail- 
like, for a greater or lesser distance, along the same general strati- 
graphic position in which it now crops out. 

(6) The main stage of faulting along the Copper Dick and 
associated faults occurred after the monzonite was emplaced and 
the ore deposits formed. 

(7) The deposits of the Sylvanite district are basically hypo- 
thermal whereas those of the Eureka district are mesothermal. 

(8) The Eureka deposits contain small quantities of minerals 
that are characteristic of the Sylvanite hypothermal deposits, and 


the Sylvanite deposits in turn contain small quantities of min- 
erals that are characteristic of the Eureka mesothermal deposits. 
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(9) The deposits of the two districts exhibit three analogous 
stages of mineral deposition and resemble one another in a num- 
ber of details of mineralogy and paragenesis, particularly with 
respect to the minerals that were deposited during two stages. 

These nine items may be grouped under three headings—(a) 
the structural evidence, which includes items 1 to 6; (b) the 
petrographic evidence, which includes only item 3; and (c) the 
mineralogic evidence, which includes items 5, 7, 8, and 9. Each 
class of evidence is separately discussed and interpreted in the 
following pages. 

Structural Evidence. 

The significance of the structural evidence may best be investi- 
gated by restoring the different parts of the range to the relative 
positions they held before faulting. 

Section AB, Fig. 2, has been selected to show most clearly the 
relations between the Sylvanite stock and the enciosing sediments. 
Because of the Copper Dick fault, the original northward con- 
tinuation of the plane of this section now occupies approximately 
the position CD and similarly its continuation beyond the Miss 
Pickle fault now occupies the position EF, the negligible effect 
of the hanging-wall spur of the Copper Dick fault and of the 
parallel fault along the syncline axis being ignored. Geologic sec- 
tions have been drawn along the lines, AB, CD, and EF, and 
these when joined end to end show the geology of the range prior 
to faulting. The composite section is reproduced as part (b) of 
Fig. 3, which as a whole shows the sequence of main events lead- 
ing to present conditions. In joining the sections, the question 
arises as to how far one is justified in projecting the igneous 
masses beyond their observed relations, as stated in item 5 of the 
list of evidence. As indicated in section AB, the Sylvanite mass 
splits near the present surface into three main sill-like members, 
and the size and distribution of the visible parts of the stock sug- 
gest that at least the central and largest member should extend, 
without appreciable thinning, somewhere into the block between 
the Copper Dick and Miss Pickle faults. For section EF, across 
the Eureka district, it is believed that the monzonite mass may 
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be conservatively projected below the surface, along the same 
stratigraphic horizon in which it now crops out, for about half 
its outcrop length, or for about 5,000 feet. When this is done 
‘the Eureka mass is brought so close to the Sylvanite mass that 
it would seem on this structural evidence alone that the two should 
be connected. 

The alternative to this interpretation is that neither igneous 
body can be safely projected sill-like for any appreciable distance 
beyond its observed relations and that consequently the Sylvanite 
and Eureka monzonites must be separate intrusives. That al- 
ternative, however, has nothing in its favor beyond the present 
separate position of the outcrops. Moreover, it must rely upon 
the same fundamental idea as the other interpretation, and to a 
greater degree and with less justification, to explain existing 
structural conditions, namely, that a cross-cutting igneous mass 
rising from below found it easier to stream out along the bedding 
at a particular horizon than to cut across it. Under the one 
7,000 feet thick 
and it advanced upward 


interpretation the sill-like streamer was large 








in what is now the Sylvanite district 
and northward along the disconformity between the Broken Jug 
and Howells Ridge formations and forced its way into the com- 
paratively unified mass of the Hidalgo volcanics when it encoun- 
tered the wedge of that formation (Figs. 3a, 3b). Under the 
other interpretation this mass is denied the ability to extend much 
beyond the position of the Sylvanite district, yet a separate mass 
about one-fifth as large is permitted to rise through and across 
the weak horizons of the Broken Jug limestone in the Eureka 
district and—more improbably still—across the Ringbone shale 
and its upper and lower contacts and then, for no justifiable rea- 
son, to adopt a sill-like attitude in the heart of the Hidalgo vol- 
canics. 


Petrographic Evidence. 


All that has been stated thus far about the petrography of the 
two stocks is that both are composed of monzonite and are petro- 
graphically similar. Further details, which relate to the char- 


acter of the plagioclase, may be considered here. 
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In the smaller of the two main outcrops in the Eureka district 
the plagioclase is andesine, sodic in some grains and zoned about 
Angze-42 in others. The larger mass is intensely altered and few 
of the plagioclase grains remain fresh enough for identification, 
but in some specimens both andesine (about An, ) and oligoclase 
(about An,;) were recognized, and in one specimen was found 
a phenocryst oi andesine (Any) partly replaced by _oligoclase 
(An,,). In other specimens, too altered for precise determina- 
tions, the plagioclase includes some grains having all indices 
greater than that of balsam and therefore presumably andesine 
or calcic oligoclase, and other grains having some indices less than 
that of balsam and therefore sodic oligoclase or albite. In some 
small outliers near both masses the plagioclase is albite (about 
An, ) insteal of andesine or oligoclase. 

In the monzonite at Sylvanite some plagioclase grains consist 
wholly of intermediate andesine, and some are zoned from 
labradorite or andesine outward to sodic oligoclase. In some of 
the zoned crystals veinlike threads of composition An., extend 
from the outer oligoclase zone into the andesine core and replace 
it. Elsewhere in the stock there are a few spots in which the 
plagioclase is close to pure albite. 

Presumably the replacement by oligoclase in some parts of the 
monzonite and the replacement by albite in others are the results 
of the same or related processes. If so, the oligoclase and albite 
are hydrothermal, for geologists seem generally agreed that es- 
sentially pure albite is never pyrogenetic. Hydrothermal oligo- 
clase, however, is unusual, at least insofar as it has been recog- 
nized and described, and this unusual feature constitutes the main 
petrographic evidence in considering the relation between the 
Sylvanite and Eureka monzonite bodies. 

It is not contended that the presence of the same unusual fea- 
ture in two stocks of similar composition proves that the two are 
any more closely related than now outwardly appears, for it might 
be expected that two igneous bodies in the same neighborhood 
and of the same geologic age would be similarly altered, even if 
the alteration is an unusual type. On the other hand, if the 
Eureka and Sylvanite stocks were originally continuous then the 
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Little Hatchet Mountains offer another example of the process, 
now generally accepted as common, in which altering solu- 
tions have accumulated in the topmost part of an intrusive body, 
the scattered albitic and oligoclasic parts in the Sylvanite exposure 
indicating the roots of the altered portion. 


Mineralogic Evidence. 
The mineralogic similarities and differences between the 
Eureka and Sylvanite deposits are summarized in Fig. 4, the para- 
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Fic. 5. Diagram showing original vertical zonal relations between the 
Eureka and Sylvanite districts, assuming that the monzonite of the two 
districts was originally continuous. Vertical distances ascribed to each 
district indicate range in which the deposits are exposed by topography 
and mining operations; vertical distance between the two districts is 
scaled from Fig. 3 (b). Length of solid lines indicates relative general 
distribution, and width of lines indicates relative importance. 
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genesis diagram, and in Fig. 5, which correlates them with the 
structure. The relations thus shown are interpreted as the nat- 
tural interfingering of mesothermal and hypothermal zones— 
the muscovite, arsenopyrite, and glassy quartz of the Eureka 
district indicating the uppermost reaches of the Sylvanite hypo- 
thermal zone, and the sphalerite, galena, and second-generation 
calcite, pyrite, and chlorite in the Sylvanite veins, as well as the 
jasperoid at once place, indicating the lowermost reaches of the 
Eureka mesothermal zone. It may be significant that the 
strongest mineralization of the mesothermal type in the Sylvanite 
district is in the Bader area, which was originally closer to the 
Eureka country than any other point of the Sylvanite district 
(Fig. 3 (c)). 

This zonal interpretation is based upon the assumption that the 
original continuity of the monzonite in the Eureka and Sylvanite 
districts has been demonstrated. On the other hand, similarities 
in paragenesis and mineralogy may be expected in neighboring 
districts of the same geologic age and of similar igneous affilia- 
tions 





and it is probably a matter of opinion how far such simi- 
larities may go before they may be considered significant. 


GEOLOGIC CONCLUSIONS. 

The structural evidence seems strongly to favor the interpreta- 
tion that the Eureka and Sylvanite districts were at one time 
geologically continuous, having been torn apart and brought to 
their present positions by the Copper Dick and related faults. 
The petrographic and mineralogic evidence, on the contrary, is 
inconclusive, as independently appraised, for it permits either 
alternative interpretation. When considered together, however, 
the three types of evidence seem to support one another so well in 
favor of the idea that the two districts were originally continuous 
that this interpretation is accepted as being by far the more prob- 
able. 

The final conclusion, then, is that prior to faulting the mon- 
zonite of the Sylvanite and Eureka districts formed a single in- 
trusive body, sheathed by a contact-metamorphic halo, that lay 
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parallel with the bedding of the sediments for a distance of 7 
miles or more at and near the top of the Broken Jug limestone. 
The three-dimensional shape of this reconstructed mass, to ignore 
details of outline, was that of a gigantic horseshoe nail, tapering 
from a thickness of about 7,000 feet and a width of 4 miles or 
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Fic. 6. Outline map of part of the Little Hatchet Mountains, showing 
the monzonite outcrops and the inferred approximate subsurface limits 
(shaded lines) of what is now left of the originally continuous nail-like 


mass. 


more in what is now the Sylvanite district, to a thickness of about 
2,500 feet and a width of 2 miles in what is now the Eureka dis- 
trict. Figs. 3 (c) and 6 show the inferred present extent of what 
is now left of the mass, after faulting and erosion. 

The ore deposits are confined to this nail-like mass and to the 
country rock within a short distance of the contact, and they 
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gradually change northward from the type characterizing the 
Sylvanite district to that characterizing the Eureka district. To 
judge from the deposits now exposed, the productive part of the 
ore zone would seem to lie within the invaded rocks, in an elliptical 
jacket that extends not more than 1,000 feet from the floor or 
roof of the igneous body and probably less than a mile from the 
ends. 
PRACTICAL CONCLUSIONS. 

From the standpoint of the miner, the important fact is that, 
prior to faulting, the Little Hatchet Mountains contained an ore 
zone of limited thickness and width that is restricted, like a 


_ bedded deposit, to a particular stratigraphic position and in which 


the ores change along the length of the zone from those in which 
native gold is the principal mineral of value and in which few 
sulphides are present to those characterized by base-metal minerals 
containing only a trace of gold but appreciable silver. 

Two immediate practical conclusions may be derived from that 
interpretation: first, that the mineralized country of the Eureka 
district should pitch southward until cut off by the Miss Pickle 
fault; and second, that the Miss Pickle-Copper Dick fault block 
should contain a hidden mineralized zone. However, more im- 
portant to the miner than the existence of new prospecting ground 
are the depth to the ore zone, the character and richness of the 
probable ore, the structure and persistence of the veins, and the 
probable size of the ore bodies. 

The approximate depth to the ore zone at any place can be 
estimated from the subsurface limits of the monzonite and from 
the structure of the formations. Thus, the main part of the 
Eureka zone, which crops out on the under side of the monzonite, 
should strike the Miss Pickle fault at a depth of the order of 
5,000 feet. Inthe Miss Pickle-Copper Dick fault block the depth 
to the ore horizon is probably variable because of the synclinal 
attitude of the formations; it probably becomes progressively 
greater from east to west as the ore zone pitches westward with 
the formations, and progressively greater from the Miss Pickle 
fault toward the Copper Dick fault (Fig. 3). The depth to the 
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top of the productive part of the ore zone, which is assumed to 
extend not more than 1,000 feet above the roof of the monzonite, 
is estimated to range in this fault block from about 2,000 feet 
at the east edge of the monzonite (see Fig. 6) to perhaps over 
10,000 feet at the west edge. Some small showings of galena and 
pale sphalerite that crop out in the Hidalgo volcanics in the Miss 
Pickle-Copper Dick fault block apparently indicate the frayed 
outcropping edge of the pitching ore zone. 

The character of the ores may be deduced from the zonal pic- 
ture; they should contain the minerals of the central block of 
Fig. 5 and, therefore, should be argentiferous base-metal deposits 
containing also tellurides, native gold, and arsenopyrite in a 
gangue of carbonates, quartz, and, toward the Sylvanite end of 
the zone, silicates. Their tenor is impossible to predict. The 
veins are likely to be similar in structure and persistence to those 
of the present Sylvanite and Eureka districts, because all were 
formed under similar structural conditions. Since the deposits 
were scattered through such a great volume of rock—the ore 
zone had a length of 8 miles or more, an average width of about 
5 miles, and an average thickness of about 7,000 feet, a total 
volume of 50 cubic miles or more 





most shoots may be compara- 
tively small, similar in size to those thus far discovered, but, in 
view of the fact that some limestone replacement deposits are 
known to have been formed, there is always the possibility that 
conditions at some place along the ore zone were right for the 
formation of replacement deposits of first magnitude. 
Concerning future prospecting in the mineralized areas of the 
Sylvanite and Eureka districts as now known, nothing conclusive 
can be inferred because of the shallow depths to which the de- 
posits can be examined. The zonal interpretation suggests that 
the native gold and tellurides of the Sylvanite veins will decrease 
at a relatively shallow depth, and inasmuch as no commercial 
shoot of gold ore has yet been developed, deeper exploration for 
gold should be undertaken only with a full appreciation of the 
commercial risks involved. For the Eureka district, it is prob- 


able, on the basis of present knowledge, that any new shoots 
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found will be of similar size to the three shoots already developed, 
which have yielded from about 10,000 to 25,000 tons each and 
which had a maximum gross value of about $500,000 per shoot. 
It is not certain, however, that these shoots have been worked out ; 
prospecting recommendations concerning some of the mines in 
the Eureka district will be included in the full report on the Little 
Hatchet Mountains, and if the suggested exploration should show 
the shoots to be larger than now supposed, these figures can be 
modified accordingly. 

Other conclusions would follow if the Eureka and Sylvanite 
districts represent separate centers of intrusion and mineraliza- 
tion. Foremost among them would be that the part of the range 
between the two districts is as barren as has been supposed, instead 
of containing mineralized ground somewhere below the surface, 
and that future prospecting should be confined to the immediate 
vicinities of the monzonite exposures. Considered by themselves, 
the main prospects of the Eureka district are promising, and it 
might reasonably be concluded that solutions still carrying such 
quantities of ore when they reached the Cretaceous rocks of the 
range would have deposited much greater quantities where they 
crossed the Pennsylvanian and lower Paleozoic limestones at 
greater depths. The Pennsylvanian limestones, where observed 
locally in the Big Hatchet Mountains, the next range south, seem 
to be fairly thick and highly charged with organic matter, a fact 
that makes this interpretation attractive; but the field work thus 
far completed in the region fails to give any hint as to how deeply 
the Paleozoic formations lie in the Little Hatchets. A feasible 
place to determine that depth in the Eureka district by drilling 
would be at the edge of the bedrock pediment in sec. 31 of T. 27 
S.,R 15 W. In the Sylvanite district the outlook would remain 
unchanged, because in any event the depth to the Paleozoic for- 
mations near the monzonite must be several thousand feet. 

U. S. GEOLOGICAL SURVEY, 

Socorro, NEw Mexico, 
Feb. 1, 1938. 











TUNGSTEN MINERALIZATION AT OREANA, 
NEVADA. 


PAUL F. KERR. 


ABSTRACT. 


The Oreana tungsten deposit is unique among American 
tungsten deposits in that the scheelite mineralization is considered 
pegmatitic. Beryl, oligoclase, albite and phlogopite are asso- 
ciated with it; fluorite and quartz form adjacent masses. The 
customary garnet and epidote are virtually absent. This min- 
eralization differs considerably from the western quartz-vein 
type. 

Two forms of scheelite deposition occur: (1), in complex peg- 
matite dikes that cut metadiorite; (2), in lens-like masses along 
an inclined contact between limestone and metadiorite. 

Zones of silicification and alteration lead downward from the 
limestone-metadiorite contact within the limestone, but contain 
only traces of scheelite. It is believed, however, that such zones 
represent channelways leading to ore deposition above and are 
pegmatitic in character. 


INTRODUCTION. 

INTERPRETATION of the ore forming processes at Oreana, 
Nevada, involves a number of problems that differ somewhat 
from those common to the California-Nevada belt of tungsten 
deposits. At other localities in this region (Fig. 1) commercial 
tungsten ores occur in contact metamorphic scheelite deposits or 
quartz veins containing scheelite. At Oreana the mineralization 
is apparently pegmatitic, which is in a number of respects unique. 

Although tungsten ore bodies ordinarily occur in more or less 
similar masses throughout a given deposit, two distinctly different 
forms occur at Oreana. In one, the tungsten is in vertical dikes 
that terminate abruptly at a comparatively shallow depth. In the 
other, the ore occurs in a string of pegmatitic lenses that lie within 
an intrusive metadiorite parallel to its inclined contact with in- 
vaded limestone. The dikes do not occur beneath the intrusive 
in the limestone. The lenses are not parallel to the pegmatite 
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dikes and the two types of ore bodies differ both in shape and in 
distribution. The two are similar in origin, but differ in the 
content of important minerals. In one, beryl and oligoclase are 
the outstanding minerals associated with scheelite; in the other, 
oligoclase and phlogopite are the prominent associates. 
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Fic. 1. Sketch map showing the location of the Oreana tungsten 
deposit in relation to other commercial tungsten deposits in the California- 
Nevada tungsten belt. 


The minerals associated with the scheelite are numerous and 
varied. The scheelite-bearing dikes are also most irregularly 
mineralized; considerable sections consist of high grade ore, 
others of solid fluorite, and still others of massive quartz. Ore- 
bearing sections contain masses of scheelite several feet across. 
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Quartz and fluorite, on the other hand, form portions virtually 
free from scheelite. Such vagaries of mineral distribution are 
characteristic of pegmatites. 

Channels of mineralization in the limestone beneath the meta- 
diorite intrusive indicate possible sources of ore formation. 
One such channel encountered in a tunnel is a micropegmatite 
containing traces of scheelite. Another, found in a stope ex- 
tending downward from a contact ore body, is a thin calcite vein 
carrying scheelite. The significance of these features in relation 
to ore formation provides a problem absent in most tungsten de- 
posits, where the mineralization may be more closely related to 
an adjacent intrusive. 

In contrast to the ordinary simple intrusive-contact relation- 
ship in most contact metamorphic deposits, the intrusive history 
of the Oreana district is somewhat involved. Six different in- 
trusives occur in the tungsten producing area or nearby. Cor- 
relation of ore formation with one of the late stages of igneous 
intrusion seems likely, but is not as clearly established as should 
be desired. 





HUMBOLDT RANGE 


LIMESTONE AND INTRUSIVES 








OREANA TUNGSTEN BELT 














Fic. 2. Diagram illustrating the position of the Oreana tungsten area 
with reference to the west slope of the Humboldt Range. 


In a study of these problems, detailed and general topographic 
maps of both the surface and underground workings have been 
made. Natural outcrops and others exposed by extensive trench- 
ing and blasting have been examined. Laboratory studies have 
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Fic. 3. Looking southward along the tungsten producing area at 
Oreana. The compressor house, blacksmith shop, and ore loading bin 
in foreground. 

Fic. 4. Looking northerly along the pegmatite at Oreana. The 
pegmatite is about six feet thick and largely quartz at this point; the rock 
on either side is metadiorite. 

Fic. 5. Blocks of an aplite dike caught in limestone rendered plastic 
during deformation under load. The blocks are apparently broken and 
isolated fragments. 

Fic. 6. Limestone of the Star Peak formation in the tungsten produc- 
ing area. The slightly darker brush covered strip in the foreground, free 
from outcrops, is underlain by a metadiorite intrusive. 
involved optical and X-ray identification of the minerals, and thin 
section examination of the textures of the ore and associated 
rocks. 

The Oreana tungsten deposit is located along the western mar- 
gin of the Humboldt Range * in northern Nevada (Fig. 2). The 


* The Humboldt Range, as it is generally known locally, parallels the Humboldt 
River east of Imlay and Lovelock in a north-south direction for about sixty miles. 
It attains an elevation of 9835 feet in Star Peak. The surrounding basins have 
an average elevation of about 4250 feet. This range has been referred to in whole 
or in part as the West Humboldt Range or the Star Peak Range by some authors 
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nearest town is Lovelock, twenty miles to the southwest. Oreana 
is a nearby station on the Southern Pacific Railroad. Reno lies 
about one hundred and ten miles to the west.; The tungsten 
locality (Fig. 3) lies between Wright’s Canyon and Rocky Can- 
yon, three and one-half miles southeast of Rye Patch station and 
seven miles northeast of Oreana station. The elevatior of 
the mining camp is in the neighborhood of 4700 feet above sea 
level. East of the deposits the range rises rapidly until it reaches 
a crest of about go00 feet above sea level, approximately four 
miles distant. 

Tungsten was first discovered in the spring of 1934, and min- 
ing operations have been conducted continuously since that time. 
Early production consisted of hand sorted high grade ore that was 
shipped without concentration to steel producing centers for con- 
version into ferrotungsten. A mill was completed about twenty 
miles southwest, at Toulon, in the fall of 1936 and since then the 
ore has been concentrated. 

The most prominent rock exposures in this portion of the 
Humboldt Range are produced by an intrusive granite (Fig. 2), 
which forms a roughly circular area about three miles in diameter, 
between the tungsten-bearing zone and the crest of the range. 
The intrusive was mapped by Jenney in 1932-1933. It intrudes 
an older granite porphyry, Triassic limestones and shales, and 
older volcanics of the Koipato series. The tungsten mineraliza- 
tion is in a zone approximately three-fourths of a mile in length, 
extending north-south parallel to the general trend of the range, 
and near the western border of the intrusive. 

Publication of the results of this study has been made possible 
through the courtesy of Mr. Charles H. Segerstrom, president 
of the Rare Metals Corporation. Mr. Ott F. Heizer, general 
manager, has kindly assisted by providing information regarding 
mining operations, and has furnished an unusual suite of speci- 
mens from the deposit. The writer is indebted to Mr. Ralph J. 

Holmes and Mr. Arthur F. Hagner, who served as assistants dur- 
ing the summer of 1935, in the preparation of topographic and 
geologic maps of the Oreana district. 


n 


+ See also Topographic map, Lovelock Quadrangle, U. S. Geol. Survey. 
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PREVIOUS GEOLOGICAL STUDIES IN THE HUMBOLDT RANGE. 
Economic, stratigraphic and physiographic studies have ap- 

peared from time to time concerning different portions of the 
Humboldt Range. The explorations of the Fortieth Parallel 
Survey, as published by Hague,’”** King,” and Meek ** contain 
descriptions of the general geology, early mining activity and 
paleontology.* Russell’s study of the Pleistocene Lake La- 
hontan ** contains many references to the range. The studies of 
Gilbert,’® Powell,** Louderback *? and others established the block 
faulting that is one of the principal structural features. J. P. 
Smith ** ** ** found several classic Triassic invertebrate fossil 
localities and Merriam ** has described Triassic vertebrate re- 
mains. Asa result of these studies, the marine Triassic has been 
well established. Recently Wheeler *° has reported a part of a 
fossil of possible Pennsylvanian age from the older rocks of the 
range. 

The mineral deposits of the Humboldt Range include silver, 
gold, mercury, antimony, dumortierite, bentonite and tungsten. 
In 1909, F. L. Ransome ** in a bulletin on mining districts of the 
region, described the silver mines that had been developed prior 
to that time. In 1914, F. C. Schrader *° published a geological 
account and geologic map of the Rochester district followed in 
1924 by a more detailed account by Knopf.** Knopf’s descrip- 
tion is the most complete account of what was once an important 
mining locality. A quicksilver deposit in the eastern part of the 
range is also mentioned by that author. Bird * has described the 
rare mineral mosesite from a quicksilver mine on the east side of 
the range in the Fitting district. The recognized presence of 
commercially valuable dumortierite has broadened the field of 
mining activity. A deposit of dumortierite located four and one- 
half miles east of Oreana was described by Jones ** in 1928. In 
1935, Kerr and Jenney * contributed additional data on the proc- 
esses of mineralization at the same deposit. 

Jenney “ has published a report on the west central part of the 
Humboldt Range, including a geologic map. The Oreana tung- 


* Numbers refer to the bibliography at end of paper. 
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sten deposit falls within the area mapped in his report. Came- 
ron ° has just completed a study of the eastern slope of the Hum- 
boldt Range. With the publication of this work, a geologic map 
covering a considerable portion of the range will be available. In 
1921, Hess and Larsen ** mentioned the tungsten occurrences in 
the Humboldt Range, one in the southern portion opposite Toy, 
the other in Wright’s Canyon, about two and one-half miles 
southeast of the workings described in this paper. Since the 
publication of the work by Hess and Larsen, the Oreana deposit 
has been discovered and mining operations have developed. 
Jenney ™ briefly mentioned the occurrence, but as yet no descrip- 
tion of the deposit has been published. 

Another tungsten prospect about twelve miles north, at the head 
of Humboldt Canyon has been visited by the writer. This de- 
posit, however, appears too small to be of economic importance 
and also contains a considerable amount of barite, an undesirable 
constituent in tungsten ore. 


THE CALIFORNIA-NEVADA TUNGSTEN BELT. 


The tungsten belt in which the Oreana deposit occurs (Fig. 1) 
contains the chief producing tungsten deposits in the United 
States. Field studies during the summer indicated the produc- 
tion of this region for the calendar year 1937 to be in excess of 
3000 tons of scheelite concentrates. Roughly, the belt appears to 
consist of a broad zone containing a number of mines and many 
prospects, extending from the great desert region of southern 
California across western Nevada to southern Idaho. Included 
within this belt are Atolia,’® Mill City,” Silver Dyke,’ Tungsten 
Hills, * °° 2° Pine Creek,’® Black Rock,* ** Tungstore,’® Nightin- 


gale,’° and Oreana. The Boriana mine lies a short distance to 
the east, beyond the Colorado River in northwestern Arizona. 
The deposits of the Snake Range *” *° and vicinity are in eastern 
Nevada, not far from the Utah line. An interesting geological 
occurrence has been reported from. the Paradise Range** in 
western central Nevada, but it is not at present being worked. 


* A part of the contact metamorphic zone referred to as the Queen’s locality near 


the California-Nevada boundary east of Bishop, Cal. 
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The deposits of the tungsten belt are related to the post-Juras- 
sic intrusives of the Sierra Nevada and Basin and Range region. 
Contact metamorphic deposits are the most common and most 
of the deposits along the southern and eastern margins of the 
Sierra Nevada mountains are of this type East of the Sierra 
Nevada mountains are quartz vein systems bearing scheelite, most 
notably at Silver Dyke and Atolia. 

A granite intrusive near the Oreana deposit is characteristic of 
the granitic intrusives of the tungsten belt. Since so many other 
deposits of the belt are closely related to such intrusives, it seems 
reasonable to relate the Oreana deposit in a similar manner, in 
spite of the fact that the tungsten ores occur a short distance from 
the granite. 

A number of other tungsten localities occur nearby in the 
Trinity Range, west of Oreana, and in the Eugene mountains to 
the north. Numerous areas of granodiorite or related facies occur 
in close proximity to these deposits. Scheelite has been formed 
in each of the deposits during the metamorphism of calcareous 
strata. Mill City, about thirty miles north, is the principal tung- 
sten deposit in the United States. Ragged Top,’® about the 
same distance to the southwest, is a small tungsten mine recently 
reopened. 


ROCK TYPES OF THE OREANA AREA, 


The oldest rocks in the Humboldt Range are the keratophyre 
and rhyolite tuffs, flows, and breccias making up the major part 
of the rock uiits mapped as the Koipato formation in the early 
days. The various rock types have been subdivided by Knopf.” 
These rocks are extensively exposed on both sides of the range. 
Outcrops on the western side occur both to the northeast and 
southeast of the Oreana tungsten deposit, but are not found in 
the immediate vicinity. The older rocks are thought to be ap- 
proximately 15,000 feet in thickness, although the original sec- 
tions are somewhat doubtful on account of failure to interpret 
faulting. Following the work of J. P. Smith, the age has been 
generally assumed to be Middle Triassic. Lately, Wheeler ** has 
found evidence suggesting that part of the formation may be 
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Pennsylvanian. Satisfactory age determinations are difficult on 
account of extensive alteration and metamorphism and scarcity of 
fossils in the sediments. Some limestones originally thought to 
be intercalated with the older rocks probably belong to the younger 
Star Peak formation. 

The Star Peak formation, as mapped by Jenney, forms a belt 
that follows the foothills along the western margin of the Hum- 
boldt Range (Fig. 6) and occurs unconformably above volcanic 
rocks belonging to the Koipato formation. It consists of lime- 
stones and siliceous and tuffaceous beds, probably at least 7000 
feet in thickness, of Middle and Upper Triassic age. Consider- 
able areas are outlined on Knopf’s geologic map of the Rochester 
district.** 

The Triassic sediments and volcanics have been subjected to 
intrusions of varying age and nature. The intrusive history of 
this portion of the Humboldt Range involves at least six different 
generations of igneous activity. The various intrusive rock types 
consist of metadiorite, early aplite, granite porphyry, granite, 
aplite-pegmatite dikes, and diabase, believed to have originated in 
the order named. 

Metadiorite—This rock is apparently the oldest intrusive. It 
cuts Upper Triassic limestones and is either late Upper Triassic 
or Jurassic. Knopf * believes that since the metadiorite is meta- 
morphosed, it is earlier than the post-Triassic deformation, and 
was intruded, therefore, during the period of Triassic igneous 
activity. 

In numerous places the metadiorite has intruded the long, nar- 
row belt of limestone that follows the western foothills of the 
Humboldt Range from Rocky Canyon ten miles southward to 
Rochester Canyon (Fig. 7). In this part of the range, the 
limestone belt varies in width from a few feet to 2000 feet. The 
intrusive body is in places almost parallel to the bedding of the 
limestone, and elsewhere cuts it at angles up to 50 degrees. It 
is a single intrusive layer, several hundred feet thick, or numerous 
thin intrusive sheets more or less parallel. 


The rock was first identified by Knopf ** who described a more 
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or less schistose 
amphiboles in a 


east side of the 


variety, with sheaf-like aggregates of fibrous 
sheared groundmass of plagioclase. On the 


range gabbro occurs, apparently of the same 
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the period of intrusion.* The metadiorite in the vicinity of the 
It Oreana tungsten deposit exhibits a groundmass of oligoclase 
DUS containing actinolite aggregates and streaks of biotite. Chlorite, 

and the accessory minerals, sphene and apatite, are present in 

ore 


minor amounts. Post-mineral shearing has broken the mineral 
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grains in numerous places and is apparently responsible for the 
schistosity of the rock observed in the field. Metamorphism of 
the adjacent limestone caused by the intrusion of the metadiorite 
is restricted to a narrow marbleized zone. 

Early Aplite—One mass of aplite and numerous large aplite 
dikes occur in the Humboldt Range. Near the Oreana tungsten 
mine the dikes cut the limestone of the Star Peak formation. 
The dikes have been reported ** to be cut by granite porphyry, the 
older of the two granitic intrusives in the area. The younger 
Rocky Canyon granite also appears to cut the early aplite dikes. 

Interpretation of contact relationships between the earlier ap- 
lite and the metadiorite appears doubtful. The dikes occur nearer 
to the granite intrusive than the metadiorite and were mapped by 
Jenney * as post-metadiorite. It is possible that the early ap- 
lites may represent dike formation following the intrusion of the 
metadiorite, but belonging to the same period of igneous inva- 
sion. 

Early aplite dikes occur east of the area of Triassic limestones 
invaded by the metadiorite. For the most part they are not 
in contact with the metadiorite, although they clearly cut the lime- 
stone. In the vicinity of the metadiorite, however, but within 
the limestone, there are strings of isolated, rounded, segments of 
earlier aplite dikes (Fig. 5) that can be traced into definite and 
continuous aplite dikes. The rounded character of the isolated 
dike fragments, completely enclosed by limestone, indicates the 
origin of the blocks. Flowage of limestone during deformation 
appears to have torn blocks loose, rolling them along in a more 
or less plastic matrix. It does not seem likely that the blocks 
represent isolated pipes or apophyses of varying size, since a 
number of smaller blocks have been completely broken out leaving 
a cavity with walls composed entirely of limestone. Also, mar- 


ginal metamorphism is lacking, a feature observed along the 
borders of older aplite dikes that cut the limestone. 

Granite Porphyry.—Southeast of the Oreana tungsten deposit 
and along the crest of the range, is a light gray, porphyritic rock 
that contains phenocrysts of quartz and feldspar. This rock has 
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intruded and has probably assimilated parts of the Triassic vol- 
canics. Granite porphyry dikes have been mapped by Jenney * 
cutting aplite in Sacramento Canyon about five miles southeast of 
the Oreana tungsten mine. This interpretation also agrees with 
that of Knopf * in the Rochester district, and with that of Cam- 
eron® on the east side of the range. On the other hand, the 
granite porphyry appears to have been invaded by granite near 
the Oreana mine. The granite porphyry is probably post-early 
aplite and pre-granite. 

Rocky Canyon Granite-—On the western slope and in the cen- 
tral part of the Humboldt Range, between Rocky Canyon and 
Wright’s Canyon, is a prominent granitic intrusive, three and one- 
half miles long by two and one-half miles wide. It was con- 
sidered Archean by Hague and Emmons * and King.** Louder- 
back *° studied it more carefully in 1902, reaching the conclusion 
that it was post-Jurassic in age. He tentatively correlated it with 
similar granitic intrusives in western Nevada, which in many 
places have been found to be post-Jurassic in age. Although the 
intrusive is, in general, granitic, in places along the western mar- 
gin it is a quartz monzonite as described by Louderback. Thin 
sections show considerable evidence of deuteric mineralization. 

Criteria indicating the intrusive character of the granite may 
be summarized as follows: metamorphism along the contact be- 
tween the granite and the bordering limestone, pendant blocks of 
overlying sediments, irregularity of the contact, and truncation 
of stratified sediments. The contact between the granite and the 
rock which it intrudes is commonly gradational. Where it in- 
trudes rhyolites, quartz sericite schists containing contact mine- 
rals have been developed.*” Where it is in contact with limestone, 
other contact alteration has been developed. Where the granite 
intrudes the granite porphyry in Wright’s Canyon and Rocky 
Canyon, the granite forms a broad flat arch at the base of the hills, 
with large areas of granite porphyry above. 

Recent studies indicate that the granitic intrusions in western 
Nevada in part, at least, extended well into Tertiary time. Gia- 
nella * considers the diorite exposed on Mt. Davidson near Vir- 
ginia City to be middle Miocene. 
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Late Pegmatite and Aplite Dikes——Pegmatite dikes cut the 
metadiorite and also the Rocky Canyon intrusive. These occur 
particularly in the tungsten area (Fig. 4) and where invading 
metadiorite may carry high grade scheelite. Small aplite dikes 
are associated with the pegmatites, and in most places the peg- 
matite dikes cut aplites. There appears to be a close relationship, 
however, between the pegmatite dikes and the late aplite dikes, 
indicated by the common occurrence of the two together. The 
aplite dikes have not been observed to carry scheelite. 

A close association of complex pegmatites and aplites is fairly 
common in some pegmatite areas. Derry ‘ studied a large area in 
Canada throughout which he found pegmatites and aplites closely 
associated. Bail’ has reported the association of aplite and peg- 
matite at Gold Mountain Ridge, one of the few pegmatite areas 
in Nevada. In these localities, as at Oreana, the pegmatites 
are generally later than the aplites. 

The pegmatite dikes trend about N. 30° W. and are nearly 
vertical. The aplite dikes trend northeasterly and northerly, 
about N. 20° E., and are also vertical. The zone of pegmatite 
and aplite dikes may be traced for about 2,500 feet. Through- 
out this length, dikes occur in a zone two hundred to three hun- 
dred feet in width, cutting metadiorite (Fig. 8). The dikes 
are small, varying in width from a few inches to a maximum 
of five or six feet. Although this zone is extensive, only one 
dike, the east pgematite dike, may be traced for a considerable 
distance (about 1,500 feet) without interruption. Along its 
southern extension it forks into two parts. Short pegmatite 
dikes are abundantly distributed throughout the zone. The 
aplite dikes are almost as abundant, but are not as large. 

Surface exposures of the pegmatite and aplite dikes are re- 
stricted to areas of the metadiorite. Prominent dikes may pene- 
trate the limestone a short distance but generally terminate within 
a few feet beyond the contact. 

The solutions responsible for contributing the pegmatite appear 
to have migrated upward in places through the limestone but 
chiefly along the contact between the metadiorite and the lime- 
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stone. The best indication of the latter feature is furnished by 
the existence of the ore bodies along the contact. These ore 
bodies form rounded lenses at the contact and rest upon the lime- 
stone. The alignment of a number of lenses in a straight line of 
northerly strike suggests that solutions have followed directed 
channels (Fig. 9). Prominent intersections of such channels 
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Fic. 9. Plan of the underground workings showing the principal rock 
types with reference to mining operations. 


with well developed pegmatites have not yet been encountered, but 
intersections with small dikes indicate that perhaps more extensive 
ore deposition may yet be found where such zones intersect larger 


pegmatites. 
Portions of the most easterly and most prominently exposed 
pegmatite that has been mined consisted of almost solid 
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scheelite. One stretch of nearly one hundred feet, where mining 
started, yielded scheelite ore suitable after hand sorting for ship- 
ping without concentration. In places, considerable masses of 
scheelite occurred virtually free from associated minerals. 
Bordering this area on the south an almost solid mass of fluorite 
was encountered. Still further south, the fluorite merged into 
an almost solid quartz mass. The mineral zones appear to extend 
downward from the surface more or less vertically, but with a 
slight rake to the south. As far as mining operations have pro- 
gressed, the scheelite-bearing pegmatite terminates in depth at 
the limestone contact below the metadiorite. Mining operations 
do not disclose whether the lower limestone has been mineralized 
beneath the solid quartz portions of the dike or not. Where ore 
has been found, however, the dike has been completely removed 
and the limestone has been explored beneath. 

Two features have been observed that shed some light, at least, 
upon the course of ore-bearing solutions in the limestone below 
the metadiorite. One is a silicified zone, whose border contains 
idocrase and traces of scheelite, encountered in the east branch 
of the main tunnel (Fig. 7). Thin sections of portions of the 
zone exhibit an abundance of quartz, microcline, and _ albite. 
Micrographic intergrowths of quartz and feldspar also exist 
(Fig. 12). This zone appears to be continuous and is not an 
isolated block of the early aplite type. It is thought to be due 
to the upward migration of scheelite-bearing solutions, in spite 
of the fact that no considerable deposit of scheelite was found at 
the contact above this silicified zone. The zone probably repre- 
sents a pegmatite enclosed within limestone walls. The other 
feature was observed in one of the stopes in the contact ore body 
below the main tunnel level. A small stringer of calcite, about 
four inches in thickness, containing finely disseminated scheelite 
extends downward from the bottom of the lens of contact ore 
(Fig. 10). The calcite in this small vein exhibits a reticulated 
structure under the microscope (Fig. 11), differing entirely from 
the granular anhedra of the surrounding limestone. In addition 
to the scheelite, the calcite vein contains rare anhedral crystals of 
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quartz, rutile, tabular hexagonal crystals of pyrrhotite, small 
amounts of chalcopyrite, and sphalerite. It seems likely that a 
vein of this sort furnishes another possible illustration of the type 
of feeder to be expected in the limestone below the contact. The 
accompanying sulphide mineralization, however, is apparently 


later than the scheelite. 
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Fic. 10. Diagram illustrating a section of a contact ore body with a 
scheelite-bearing calcite vein below and a small non-ore-bearing pegmatite 
above. (Thickness of ore body about three feet.) 


The best evidence, at the present time, indicates that the prin- 
cipal ore-feeding channels or roots of the pégmatites, if they may 
be considered to have roots, trend southerly along the contact, 
probably increasing in dip with depth. Whether the roots extend 
into the limestone, or whether the entire extent through the 
limestone is limited to feeders, can be determined only by further 


development. 
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Diabase—Diabase differing in microscopic texture from the 
metadiorite was encountered in making the excavation for the 
compressor house. It is brown in color and weathers to a dis- 
tinctive brown soil. It forms a dike that is exposed for only a 
short distance in the vicinity of the compressor house, but occurs 
on a line with other diabase dike exposures to the north. It is 
generally believed that such dikes are among the later intrusives of 
the Humboldt Range and it seems unlikely that the diabase 
of the Oreana district is an exception. 


MINERALS OF THE PEGMATITES. 

In the pegmatitic mineralization at Oreana, the character of 
the wall rock has influenced the mineral deposition. Mining in- 
dicates that the chief ore concentrations occur where the wall rock 
is metadiorite, either entirely or in part. On the other hand, 
considerable portions of the pegmatite in metadiorite are barren. 
Irregularity of mineral distribution is well recognized as a com- 
mon feature in pegmatites, but the Oreana pegmatites exhibit 
extreme irregularity. 

Where the wall rock is limestone, traces of scheelite have been 
found, but no ore. Within limestone wall rock, the pegmatitic 
minerals also differ. Where the pegmatitic mineralization has 
either passed through limestone, or has come in contact with 
limestone, minerals indicative of contact metamorphic action are 
produced. 

Because of variation in origin and association, it seems de- 
sirable to divide the minerals of the deposit into the groups shown 
below. More abundant minerals are indicated in capital letters 
and, within groups, minerals are listed in approximate sequence. 
1. Pegmatitic mineralization in association with ore where the wall rock 

is metadiorite. 


BERYL Apatite 
Orthoclase SCHEELITE 
Microcline PHLOGOPITE 

OLIGOCLASE Fluorite 

ALBITE Muscovite 
Quartz Sericite 
Rutile Calcite 


Sphene Chlorite 
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to 


. Pegmatitic mineralization, non-ore bearing, where the wall rock is 
metadiorite. 
FLUORITE 
QUARTZ 
Tourmaline 
3. Pegmatitic mineralization in limestone producing traces of scheelite 
but no ore. 


Orthoclase Quartz 
Microcline Scheelite 
Albite Muscovite 


4. Small zones of contact mineralization along margins of pegmatites in 
contact with limestone or within the pegmatites near limestone contacts. 


Garnet Clinozoisite 
Epidote Idocrase 
Diopside Tremolite 
Zoisite 


Beryl.—Bery] is a common constituent of the ore in the vertical 
dikes. It is less common, however, in lenses along the contact. 
The mineral occurs massive and in long, narrow, pale green crys- 
tals varying from microscopic size to crystals almost an inch 
thick and four inches long. The crystals are for the most part 
small, typically hexagonal, doubly terminated with pinacoidal ends 
and occur in most cases associated with oligoclase. Beryl crystals 
have, in many cases been broken during the deformation of the 
rock mass and the isolated fragments are cemented with oligo- 
clase. Under the microscope, many crystals exhibit a hexagonal 
core containing cloudy inclusions surrounded by a rim of clear 
beryl (Fig. 13). Both core and rim have the same orientation, 
indicating that the inner and outer portions represent periods of 
growth. Interference figures with convergent polarized light 
are biaxial with the angle 2V equal to about 5 degrees. Between 
crossed nicols in plane polarized light a fine grid of gray and 
white interference extends through the crystals in basal sections. 
These unusual optical phenomena are presumably indicative of 
the stresses to which the crystals have been subjected during de- 


formation of the surrounding rock. 
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o- Fic. 11. Section of a scheelite-bearing calcite vein that occurs below 
al a lens of ore (Fig. 10). Lath-like interlocking crystals of calcite are 

shown containing occasional grains of scheelite and dark streaks of sul- 

a phides.  X-nicols, X 25. 
mn, Fic. 12. Section cut from the central portion of a micropegmatite 
of within limestone, showing a micrographic intergrowth of quartz and 
ht microcline. X-nicols, X 25. 
en Fic. 13. Section cut from a pegmatite dike. Beryl crystals appear 

1 in contact with oligoclase. The oligoclase contains numerous specks of 
a micaceous alteration. X-nicols, X 25. 
Be Fic. 14. Scheelite crystals surrounded by phlogopite and containing 
of inclusions of phlogopite. X-nicols. X 25. 
de- 











410 PAUL F. KERR. 


Orthoclase—Orthoclase occurs in small amounts along with 
albite. In addition, some portions of dikes apparently non- 
scheelite-bearing, appear on sight identification to contain salmon- 
colored orthoclase. Orthoclase is also a constituent of the peg- 
matitic mineralization occurring within the limestone. 

Oligoclase—White, massive oligoclase is the most prominent 
feldspar in the ore-bearing portions of the pegmatite. It forms 
a matrix for both scheelite and beryl. On the basis of indices 
of refraction, the oligoclase appears to be Abs;An;;, with the fol- 
lowing optical properties: @ = 1.535; B==1.539; y= 1.5453 
biaxial positive. In thin section it is distinguished from other 
feldspars by an abundance of cloudy inclusions. The inclusions 
are largely sericite, finely divided and disseminated through the 
feldspar, or finely divided phlogopite. 

The.predominance of alkali plagioclase (ordinary albite) has 


been pointed out by Schaller ** as a characteristic of pegmatites. 
The prevalence of oligoclase rather than albite in the present 
instance may be attributed perhaps to the limestone with which 
the pegmatitic solutions must have been in contact at one time in 
their history. 

Albite—Plagioclase (Aby;An;) occurs-less abundantly inter- 
grown with oligoclase and apparently replacing it. The indices 
of refraction are somewhat lower than the oligoclase and the 
mineral contains less of the cloudy inclusions prominent through- 
out the oligoclase. Veining and apparent replacement of the 
oligoclase by albite lead to the conclusion that the albite and 
scheelite were introduced at about the same time. In massive 
specimens, the albite is indistinguishable from oligoclase at sight. 

Rutile—A few dark brown, almost black, specks occur asso- 
ciated with sphene. These have suffered replacement by sphene, 
in part, as shown in thin section. Although an insufficient 
amount of the mineral has been found for isolation and identi- 
fication, it is presumed to be rutile largely on account of its asso- 
ciation with sphene. 

Sphene-—This mineral occurs in small, irregular, brownish 
patches and veinlets scattered through the oligoclase of the peg- 
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matite. In thin section it stands out with high relief and is 
associated with small areas of rutile. It appears to be replacing 
the rutile since veinlets and embayments cut the latter. The fol- 
lowing observations have been made in identifying the mineral: 
a = 1.83; B—1.85; y = 1.88; biaxial positive; 2V about 60 
degrees ; p < v strong; cleavage appears parallel to (110). Crys- 
tals yield qualitative tests for titanium, and X-ray diffraction pat- 
terns agree with patterns of sphene from well known localities. 
Both the rutile and sphene appear to occupy the interstices be- 
tween beryl crystals, replacing feldspar but not beryl. 





Scheelite—The normal scheelite of the high grade ore body is 
massive with a slight grayish color, an oily luster, and is asso- 
ciated with white feldspar and beryl (Figs. 19, 21). Solid 
masses of scheelite containing a little feldspar and measuring 
several feet across have been broken from the dike. Scheelite 
has been found in doubly terminated tetragonal crystals measur- 
ing almost an inch in diameter. Well formed crystals of scheelite 
discovered near the mouth of a small tunnel just east of the dis- 
covery open cut occur embedded in phlogopite. The habit is 
bipyramidal, but the faces have suffered deformation during the 
movement to which the enclosing rock mass has been subjected. 
In addition to the common association of the scheelite with oligo- 
clase, albite, beryl, and phlogopite, it is found with fluorite, calcite, 
and also associated with quartz. The latter associations, however, 
have not yielded high grade ore. 

The scheelite from Oreana fluoresces a bright blue in the ultra- 
violet light of an iron arc or the quartz-mercury tube. From the 
first, mining for scheelite at Oreana has been closely regulated 
by the use of ultra-violet light. 

Small cavities thought to have been formerly filled by euhedral 
crystals have been observed in specimens collected from a quartz 
mass of the east pegmatite, south of the main workings. The 
largest of them measures approximately three-quarters of an inch 
across. Casts made by inserting wax in these cavities compare 
favorably in appearance with bipyramidal scheelite crystals and 
the measurements of interfacial angles correspond with common 
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forms of scheelite in so far as it is possible to make comparison 
of the angular measurements. 

Traces of scheelite have been found in quartz associated with 
idocrase. The concentrations, however, have not been sufficient 
to constitute ore. Disseminated scheelite in reticulated calcite 
was found in a vein in limestone (Fig. 11). This form of oc- 
currence, however, is unusual for the deposit. 

Phlogopite—The common mica of the deposit is phlogopite 
(Fig. 17). It occurs in brownish flakes and in fine-grained, 
sugar-like masses. It has been identified both optically and by 
comparison of X-ray diffraction patterns with standard X-ray 
diffraction patterns of phlogopite from a number of localities. 
X-ray patterns of the Oreana phlogopite taken on the same film 
with biotite, for comparison, show a measurable difference. The 
optical properties are: @= 1.55; B=1.58; y= 1.58; 2V equal 
to about 5 degrees; biaxial negative. 

Chlorite-—The chlorite is light gray and occurs in minute vein- 
lets that traverse the pegmatite. The veinlets are poorly visible 
with a hand lens but appear prominently in certain thin sections 
beneath the microscope. Aggregates exhibit a radial or sphe- 
rulitic polarization between crossed nicols. The chloritic veinlets 
are probably representative of the low temperature hydrothermal 
stage of mineralization which would be expected to follow the 
early pegmatitic minerals. 

Tourmaline—Tourmaline occurs in black, radial and fibrous 
crystals associated with quartz. In places where the pegmatites 
consist of almost solid quartz, tourmaline may be an associated 
mineral. The mineral also occurs in alteration zones in lime- 
stone near pegmatites. Thin sections of some specimens from 
such zones show replacement of tourmaline by tremolite. Areas 
in which tourmaline is prominent appear to contain no scheelite. 

Several isolated concentrations of black tourmaline occur in 
the metadiorite in the vicinity of quartz-rich portions of the peg- 


matite. 
Quartz.—In the ore-bearing portion of the Oreana pegmatites, 
quartz is scarce. Small amounts occur covering a considerable 
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range in crystallization. Parts of the pegmatite, however, are 
virtually quartz veins. Some tourmaline is associated with the 
quartz in such places, but only occasional specks of scheelite. On 
the other hand, cavities thought to be outlines of former scheelite 
crystals may be observed. These quartz-rich portions are the 
thickest and most persistent of all parts of the dike. It is possible 
that scheelite may occur in association with quartz in the pegma- 
tites, but the occurrence has not yet been observed. Since quartz 
and scheelite are so commonly associated in tungsten deposits, this 
feature is unusual. 

Fluorite. 





The fluorite from the deposit may be either brown, 
white, or rarely purple. The brown color appears to be due to 
the oxidation of iron sulphides that are commonly found in small 
amounts in fluorite specimens. Small amounts of flourite gener- 
ally occur with the scheelite, although the largest masses of schee- 
lite are free from fluorite and the largest masses of fluorite are 
free from scheelite. Specimens of massive fluorite containing 
residual feldspar and beryl may be found in the east pegmatite. 
Calcite —Although calcite is the chief constituent of the lime- 
stone in both the blue-gray and the white marbleized portions, the 
mineral is found in comparatively small amounts in the ore. It 
occurs in scattered crystals and veinlets in the pegmatite and may 
or may not be associated with scheelite. One small ore exposure 





in the west drift has the appearance of a calcite vein carrying 
scheelite. 
Zoisite. 





Small masses of finely crystalline zoisite occur along 
with veinlets of pinkish clinozoisite near the limestone con- 
tact at the bottom of the east pegmatite. The mineral is biaxial, 
optically positive, 2V about 50 degrees, dispersion p < v and the 
indices of refraction are somewhat less than the clinozoisite with 
which it is associated. The interference colors are anomalous, 
but represent higher orders than observed for clinozoisite. It 
has been observed only in portions of the pegmatite adjacent to 
limestone. 

Clinozoisite—Veinlets of a pink mineral of the color of pale 
thulite were found in the east pegmatite just above the limestone 
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contact. The mineral occurs in veinlets cutting zoisite (Fig. 15) 
and associated with chlorite in the form of radial aggregates. 
Although found within the pegmatite the mineral is probably a 
product of reaction between pegmatitic solutions and limestone. 

X-ray diffraction patterns agree with either zoisite or clino- 
zoisite, the distinction between the two being uncertain with the 
X-ray wave length employed. The mineral occurs in elongated 
crystals with polysynthetic twinning. Thin sections of normal 
thickness exhibit deep blue anomalous interference colors grading 
into yellowish gray. The mineral is biaxial positive, with a large 
axial angle. The indices of refraction are approximately «= 
1.689; y= 1.700. The values agree reasonably well with a= 
1.684; y 
Franklin, New Jersey, but are lower than ordinarily reported for 


the mineral. Unfortunately the amount of the mineral available 








1.698, reported by Palache ** for clinozoisite from 


free from other minerals is too small to yield a reliable analysis. 
It is to be hoped more of the material will be found for it is 
worthy of further study. 

Tremolite.—Fibrous, matted groups of crystals forming solid, 
compact masses with either a white or greenish color are ap- 
parently tremolite. The mineral occurs along the margins of 
dikes in the vicinity of limestone. contacts. 

Other Minerals——Other minor minerals of the pegmatite are 
dolomite, muscovite, apatite, leucoxene, actinolite, pyroxene, py- 
rolusite, limonite, pyrite, pyrrhotite, arsenopyrite, chalcopyrite, 
idocrase, and sphalerite. None of the minerals carrying elements 
undesirable in commercial concentrates are present in sufficient 
quantities to interfere with the utilization of the ore. 


SEQUENCE OF MINERALIZATION. 

Apparently one of the first minerals to crystallize in the pegma- 
tite was beryl. Numerous crystals of this mineral may be found 
embedded in oligoclase (Fig. 21) and in some places beryl crys- 
tals have been cracked and the crevices filled with oligoclase. A 
few specimens have been found showing beryl crystals embedded 


in oligoclase where both beryl and oligoclase have been cut and 
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OLIGOCLASE : 


SCHEELITE. 

















Fic. 15. 


Clinozoisite veinlet cutting zoisite. Specimen from lime- 
stone contact near the bottom of an ore-bearing portion of a pegmatite 
dike. X-nicols, X 25. 

Fic. 16. 


Scheelite mass invading an area of oligoclase. 
Fic. 17. 


re 
<-): 
Small anhedral crystal of scheelite suspended in a mass of 
yhlogopite.  X-nicols, X 25. 

phiog : : 


Fic. 18. Section from a quartz-tourmaline continuation of a pegmatite 


showing quartz cementing broken sections of a tourmaline crystal. 
X-nicols, X 25. 











416 PAUL F. KERR. 


replaced by scheelite. Masses of scheelite appear to invade the 
feldspars (Fig. 16). On the other hand, crystals of scheelite are 
free from inclusions of beryl and oligoclase. Thus, it is be- 
lieved that the scheelite is later than beryl and is probably also con- 
siderably later than oligoclase. It seems likely that the three 
minerals beryl, oligoclase, and scheelite have formed in sequence 
in the order named. Replacement has also occurred in the same 
order. 

In thin sections albite may be observed associated with scheelite. 
In such places tongues and veinlets of albite invade oligoclase. 
The period of formation of the albite appears to be closely related 
to the deposition of scheelite. 

Replacement criteria in which phlogopite mica occurs as a 
later mineral are the most prominent in the ore. Phlogopite oc- 
curs in intimate association with scheelite in many places (Fig. 
22). Where euhedral crystals of scheelite have been found, they 
have been embedded in mica. Traces of phlogopite appear in 
nearly all specimens containing scheelite (Fig. 14) and small 
specks of the mica are scattered through scheelite crystals. The 
close association of the two minerals throughout the deposit is of 
interest. Some of the scheelite was probably formed along with 
the mica, although for the most part the mica was apparently later. 

Oligoclase may be observed in thin sections to have fractures 
filled with phlogopite containing occasional isolated grains of 
scheelite. Veinlets of phlogopite cutting beryl and feldspar are 
of common occurrence in certain types of ore. 

The role of fluorite in the mineralization at Oreana is not 
clearly established. Veinlets of fluorite cutting oligoclase, and 
masses of fluorite occupying interstices between crystals of oli- 
goclase may be observed in thin section. Specimens containing 
fluorite are of common occurrence (Fig. 20) and large masses 
occur in the pegmatites in several places. Where best exposed in 
the early workings, the fluorite appears to border the scheelite 


zone, lying between the ore zone and the quartz. Presumably 
the fluorite is also intermediate between the principal ore forma- 
tion and the formation of quartz masses, which were probably 
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Scheelite in coarse crystals occurring in oligoclase. An outline 
of a slab of pegmatite ore. (Size 31% X6 inches.) 
Section of a complex pegmatite showing the association of 


li scheelite with oligoclase and phlogopite. (Size 3%4 X5 
an Fic. 21. 
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ibly Fic. 
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ably 


¥Y% inches.) 
Beryl crystals scattered through oligoclase invaded by a later 
oligoclase-scheelite-phlogopite mixture. (Size 4X5 inches.) 

22. Granular scheelite ore with a matrix of phlogopite. (Size 


3 X 3 inches.) 
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later. Where quartz is found in contact with the beryl and feld- 
spar, it appears to surround and replace the other minerals. 
Bunches of beryl and feldspar exhibiting an altered appearance 
may be found suspended in masses of quartz. Further evidence 
is furnished by the occasional crystal cavities encountered in the 
quartz. These crystal cavities exhibit forms strongly suggesting 
molds of earlier scheelite crystals, later dissolved and carried away. 

Other feldspars and a considerable number of minor mineral 
constituents are found in small amounts throughout the deposit. 
Orthoclase and microcline appear to have crystallized along with 
the other alkali feldspars. 

Tourmaline found in concentrations within the metadiorite 
near the pegmatite and in some places within quartz-bearing sec- 
tions of the pegmatite, was probably formed prior to the quartz, 
or during the early stages of the crystallization of quartz-bearing 
portions of the pegmatite. Thin sections cut through the tourma- 
line show broken crystals recemented with quartz (Fig. 18). 
The tourmaline-producing stage and flourite-producing stage were 
probably not far apart. 

In places, bunches of sulphides, consisting principally of pyrite 
and pyrrhotite, fill fractures in the pegmatite. The fractures cut 
the earlier pegmatitic minerals such as beryl, oligoclase, and phlo- 
gopite. Quartz is apt to be a prominent associate of the sul- 
phides, but occurs as an earlier mineral fractured and filled with 
metallic constituents. Occasional grains of scheelite have been 
found enclosed in this type of mineralization. Late hydro- 
thermal alteration is indicated by sericitization of the feldspars 
and the presence of chlorite veinlets. 

It is believed that the above criteria and others of similar nature 
furnish reliable evidence of replacement. The extent of replace- 
ment is not as easily established. It is possible that portions of the 
dike consisting largely of mineral masses, such as quartz or fluorite, 
may have been once largely occupied by other minerals. How- 
ever, greater width of the dike in such places suggests that vein 
filling may have been a more prominent factor, and the process 
would hardly be entirely one of replacement. It seems likely that 





— eo 


As 


in 


Is 
th 








tv 


> Cv 


ite 
ut 
lo- 
ul- 
ith 
en 
ro- 
ars 


ure 
Wce- 
the 
‘ite, 
OW- 
ein 
cess 
that 





TUNGSTEN MINERALIZATION AT OREANA, NEVADA. 419 


it is a combination of filling and replacement. It is thought that 
the least tenable explanation of the criteria observed is one of 
direct crystallization of materials derived directly from magmas 
as postulated in the older theory of pegmatite formation. 

Contact mineralization is present in small amounts where dikes 
touch the limestone. Garnet, epidote, idocrase, zoisite, clino- 
zoisite, and tremolite are the resulting minerals. 

Idocrase has been found on the borders of a zone of silicifica- 
tion believed to be a micropegmatite, leading upward through 
the limestone toward the contact. The occurrence of occasional 
associated specks of scheelite suggests that idocrase was produced 
during one of the earlier stages of mineral formation. 

Zoisite has been found at one place within the pegmatite at the 
limestone contact, where the bottom of deposition occurs above 
the limestone. The zoisite forms patches in the sodic feldspar 
and appears to be later in origin. Veinlets of clinozoisite cut the 
zoisite. 


STRUCTURAL CONDITIONS. 


The limestone strata on either side of the metadiorite carrying 
the contact ore bodies and ore-bearing pegmatites strike approxi- 
mately north-south and dip about 30° W. (Fig. 7). Locally, 
however, the strata are contorted. Small faults are numerous 
and cause minor displacements. In most cases these are normal 
faults striking northerly, more or less parallel to the trend of the 
pegmatites. Notwithstanding local deformation, strata of the 
Star Peak formation and the exposures of the metadiorite are 
easily traced from Rocky Canyon to Wright’s Canyon. The 
strike, however, changes about midway between the two canyons 
where the strata appear to be warped into a shallow syncline 
pitching southwest. 

A major fault probably lies at the base of the range. This is 
indicated by faceted spurs on the base of the hills next to the 
valley floor. The faceted spurs are not to be confused with the 
Lake Lahontan terraces, which occur at a lower elevation. A\l- 
though recent movement does not appear to have followed the 
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fault, similar topography on the front of the Sonoma Range to 
the east has been accompanied by the formation of a prominent 
rift. 

The major fault at the base of the range, although concealed, 
is probably a most influential structural feature. In the im- 
mediate vicinity, parallel faults are to be expected. One such 
fault of considerable magnitude may be observed north of the 
tungsten workings. Another lies between the tungsten workings 
and the base of the range to the west. 

Within the pegmatite area, faults with displacements from a 
few feet to forty feet are probably more common than surface 
mapping would indicate. Small faults that cut one dike and do 
not penetrate another dike less than three feet away have been 
observed underground. Movement apparently took place be- 
tween two stages of dike formation. Other faults are almost 
vertical. These cut pegmatite dikes and offset the contact be- 
tween the limestone and the metadiorite. Minor faults have 
been omitted on the accompanying maps. 


ORE DISTRIBUTION. 


The outstanding economic feature of the Oreana ore is its 
high grade. The deposit as a whole is so small that it would not 
otherwise justify exploitation. The first ore shipped contained 
about 30 per cent scheelite. Since that time, a considerable ton- 
nage of ore in lenses along the limestone metadiorite contact, 
averaging about 5 per cent scheelite, has been removed. 

Several types of ore are encountered. Coarse, irregularly 
outlined crystals of scheelite in oligoclase feldspar associated with 
streaks of phlogopite, constitute the most common ore in the 
pegmatite dikes. Beryl was associated with oligoclase in ore 
encountered in the east pegmatite dike near the surface. In the 
contact lenses, the feldspar is much less prominent and phlogopite 
is more abundant. Some of the ore specimens collected are inti- 
mate mixtures of fine grained scheelite and phlogopite. 

Beryl is not present in sufficient quantity to be of economic 


importance. Silver deposits have been mined north of the Oreana 
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mine, at the Rye Patch mine, and south at the Humboldt Queen 
mine, but no silver mineralization has as yet been discovered at 
Oreana. 

Recent discoveries, reported since the property was last visited, 
indicate a considerable extension of the ore bodies to the south- 
ward in the zone beneath the west dike. Ore bodies are blocked 
out on the two levels in this portion of the mine for a distance 
of 135 feet southward from the southernmost portion of the 
workings shown in Fig. 9. 


ORIGIN OF THE OREANA DEPOSIT. 


It is believed that the pegmatitic origin of the Oreana tungsten 
deposit merits discussion (1) because it has been generally con- 
sidered that throughout the Nevada region pegmatites are of rare 
occurrence, (2) because tungsten is generally thought to be an 
uncommon pegmatitic constituent, and (3) on account of the fact 
that commercial deposits of tungsten in pegmatites are rare. 

Landes *° in his discussion of the age and distribution of peg- 
matites mentioned only three descriptions of widely scattered 
pegmatites in Nevada. Ball* observed pegmatites in north- 
eastern Clark County and in the Bullfrog Hills of southwestern 
Nevada. Knopf *’ has mentioned pegmatitic mineralization in 
the Rochester mining district. Some of the dikes surrounding 
the granodiorite intrusive at Mill City** are pegmatitic. Pub- 
lished accounts are few in number and are probably indicative 
of the scarcity of pegmatites in Nevada. 

Hess * has mentioned a few occurrences of tungsten minerals 
in pegmatites, but observes that large deposits are not known. 
Wolframite occurs in pegmatites at Hill City, south Dakota." 
He states that the same mineral is found in pegmatitic replace- 
ments of granitic rock at Cave Springs, Arizona, and in a pipe 
in granodiorite near Poso, California. Hess also states that 
scheelite has been reported from a pegmatite at Silver Hill near 
Spokane, Washington, and from pipes in quartz monzonite south 


of Gold Hill, Utah. 


The coarse intergrowths of fluorite and scheelite in the de- 
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posits of Kramat Pulai ** exhibit structures suggestive of peg- 
matitic conditions. Willbourn and Ingham, however, ascribe 
their origin to a late stage in the cooling of an acid magma and 
consider the deposits as replacements in limestone. The min- 
eralization at Oreana is more clearly pegmatitic. Kramat Pulai, 
however, is probably the only important commercial occurrence 
comparable in origin to Oreana. 

Recently, pegmatite dikes containing beryl and scheelite have 
been described in South Africa.“ * The dikes occur in the peg- 
matite area south of the Orange River in Namaqualand. An 
interesting feature of the pegmatitic occurrence is the close asso- 
ciation of black tourmaline and scheelite. In the Oreana deposit 
these two minerals have not as yet been observed occurring to- 
gether. An interesting parallelism with the Oreana deposit exists 
in the general similarity of the wall rock, since in the South 
African pegmatite containing scheelite, amphibolite occurs on 
either side. The Namaqualand pegmatites contain beryl, al- 
though in the published descriptions, the association of beryl with 
scheelite is not emphasized. Scheelite has been found in masses 
of considerable size and it appears from the description that it is 
erratically distributed. The commercial possibilities of the area 
have not as yet been established. - 


2 


Kemp,”° du 


Schaller,*° Hess,* Landes* in this country and a 
number of authors abroad have reviewed the formidable literature 
on pegmatites. Several definitions have been offered. However, 
usages concerning mineral composition, structure, conditions of 
formation, and types provide much better ground for agreement 
in the interpretation of pegmatitic origin than definitions. 
Schaller *® regards the general sequence of mineral formation 
in the complex pegmatites that show later hydrothermal replace- 
ment effects to be somewhat as follows: ‘ High-temperature 
potassium feldspar, inversion to microcline, a little perthite, quartz 
of graphic granite, albite, muscovite, and the general group of 
such minerals as black tourmaline, garnets, and common beryl, 


* This reference was called to the writer’s attention just as the manuscript was 


being completed. 
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followed by the lithium minerals, the phosphates, sulphides, and 
carbonates.” 

3jorlykke * adds biotite to the list of most abundant minerals 
in his survey of the granite pegmatites of Iveland and places less 
emphasis on replacement. Landes *° considers the common min- 
erals to be essentially the rock making minerals of the normal 
plutonic equivalent. Kemp *° recognizes groups of minerals that 
he considers “strongly pegmatitic in character.” It appears, 
therefore, that certain generally well known mineral assemblages 
are recognized as significant of pegmatitic origin and pegmatites 
may be in part identified by this usage. 

Hebraic or graphic intergrowths of quartz and microcline, non- 
uniformity of crystallization, and concentrations of masses of 
certain minerals are important structural characteristics. 

It would appear that pegmatites assume a wide variety of 
forms. Elongated, more or less vertical dikes are perhaps the 
most common. However, the dikes lie at any angle, may be 
multiple in nature, and may at times consist of interrupted seg- 
ments, pipe-like forms, circular forms, and numerous odd ir- 
regular shapes. 

Pegmatites may occur within or without an igneous mass or 
may form some distance from an intrusive. Although certain 
possibilities of exception may be cited, the pegmatite is generally 
related to the final stages of consolidation of the igneous mass 
to which it is associated. 

The pegmatite at Oreana corresponds in most important re- 
spects to the usage just outlined. The chief minerals are beryl, 
oligoclase, albite, quartz, phlogopite, fluorite, and scheelite. 
Beryl, albite, and quartz are common pegmatitic minerals. 
Landes * states that exceptionally beryl is found in deposits other 
than pegmatites. But investigators ascribe the origin of beryl 
and associated minerals to deposition by pegmatitic solutions 
even where they have been reported to belong to another type 
of deposit. Extreme irregularity of crystallization and the con- 
centration of masses of single mineral constituents are typical 
pegmatitic characteristics. The unusual form of the deposit, 
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occurring both in dikes or in lenses along the limestone meta- 
diorite contact is an expectable peculiarity. The conditions of 
formation in bodies removed a short distance from an igneous 
mass are entirely normal. In type, the Oreana bodies represent 
more nearly the replacement, or late pegmatites, of Schaller. 
It seems reasonable to assume that the pegmatitic minerals were 
produced by hydrothermal solutions originating below and find- 
ing their way upward through limestone to the metadiorite. 

The metadiorite provides a silica-bearing host rock in the path 
of the tungsten precipitating solutions. Although calcium tung- 
state is the ore mineral formed, the siliceous metadiorite has been 
shown by field occurrence to be a more favorable host rock than 
the limestone. Excepting a small vein, scheelite is absent in the 
limestone, even along the contact with metadiorite. Since the 
limestone has been found to consist essentially of calcite in all 
specimens tested, calcium has been present in more than sufficient 
abundance to enable it to combine with tungstic acid and form 
scheelite. The distribution of ore bodies indicates that tungsten- 
bearing solutions were present in sufficient abundance. Field 
evidence may suggest that an excess of calcite interferes with, 
rather than assists the precipitation of scheelite. 

On the other hand, it seems likely that the presence of silica 
under a given set of pressure-temperature conditions exerts an 
important influence on the precipitation of scheelite. In the ore- 
free limestone only a small amount of silica is present. It ap- 
pears likely that scheelite was produced within a comparatively 
narrow range of conditions accompanying the formation of al- 
kali feldspar and phlogopite mica. 

It is generally recognized that scheelite is the tungsten mineral 
to be expected from tungsten-bearing solutions in contact with 
sources of calcium even in the presence of iron. Apparently wol- 
framite or one of the related tungstates high in iron results when 
the tungsten precipitating solutions are lacking in calcium. Since 
mineral precipitating solutions of the Oreana pegmatite can hardly 
have avoided the influence of the underlying limestone, wolframite 
would not be expected as one of the constituent minerals. Al- 
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though this explanation may not always hold, observation of a 
considerable number of tungsten deposits and prospects through- 
out the California~-Nevada tungsten belt supports this conclusion. 
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THE RELATIONSHIPS OF MINERAL DEPOSITS IN 
THE SKEENA RIVER DISTRICT, BRITISH 
COLUMBIA. 


FORREST A. KERR. 


ABSTRACT. 

Coast Range batholithic intrusives in the Skeena River district 
have different compositions and characteristics, and are of dif- 
ferent ages. Each type has related mineralization of a different 
type. 

GENERAL GEOLOGY. 

THe Coast Range along Skeena River is divided into two main 
sections by a great drift-filled valley extending northward from 
Kitimat Arm, a fiord of the Pacific Ocean, to Kitsumgallum Lake 
and beyond (Fig 1). Triassic and Jurassic sediments and vol- 
canics occur in the base of this valley in the few exposures ob- 
served near Skeena River. They also occur over considerable 
areas in a thin shell on the sides of the mountains flanking the 
valley. The granitic rocks found elsewhere along the valley 
slopes over large areas are clearly indicated by their character, 
inclusions, and mineral deposits to be near-contact phases. Thus, 
the great valley appears to have been cut largely in the volcanic 
and sedimentary rocks, whereas on either side there are mainly 
granitic rocks. Lower Cretaceous sediments and volcanics occur 
in the base of the valley north of Kitsumgallum Lake, thus sug- 
gesting that the valley is synclinal in structure. 

The sections of the Coast Range on either side of the valley are 
different in character. The western section is largely unexplored 
but in the narrow strip along the railway examined by McCon- 
nell," Dolmage,” and Hanson * the rocks are largely quartz diorite 


1 McConnell, R. G.: Geological section along the Grand Trunk Pacific Railway 
from Prince Rupert to Aldermere. Can. Geol. Surv., Sum. Rept. 1912. 

2 Dolmage, Victor: Coast islands of British Columbia between Douglas Channel 
and the Alaskan boundary. Can. Geol. Surv., Sum. Rept. Pt. A, 1922. 

38 Hanson, George: Prince Rupert to Burns Lake, British Columbia. Can. Geol. 
Surv., Sum. Rept. Pt. A, 1924. 
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and granodiorite. There are some small areas of non-intrusives, 
and it may be that there are also some small areas of granitic 
rocks older than the common types. The eastern section of the 
range, which extends to the Kitwanga-Kitsequekla valley, is 
formed of sedimentary and volcanic strata and large and small 
bodies of granitic rocks. 

Sediments and Volcanics—The sediments and volcanics other 
than the Lower Cretaceous rocks have been classified into three 
groups, one of which is represented by a few isolated masses of 
limestone. The age of this is not known, but it may be Permian 
since boulders of Permian limestone are found in younger, Trias- 
sic conglomerate. The older of the two main groups is made up 
of lavas, tuffs, and other extrusives, and related dikes, stocks, and 
sills. These rocks are largely dense and massive, mainly green 
but in places gray, red, purple, or brown, and they are andesitic 
in composition. They are of Triassic and (or) Jurassic age. 
The younger group is made up of black to dark gray argillites 
and quartzites, lighter gray conglomerate and greywacke, and 
green and gray volcanic rocks. They are characterized by well 
defined bedding and are largely of Jurassic age, though some may 
be Triassic or Lower Cretaceous. The separation of these two 
groups is largely on the basis of lithology—the massive volcanic 
rocks being separated from the bedded volcanics and sediments. 
In each locality, however, the former are definitely older than the 
latter, though it may be that rocks of one group in one locality are 
equivalent in age to rocks of the other in another locality. In 
the younger group there are at least three conglomerate horizons 
that may indicate important stratigraphic breaks. One of these, 
at the head of Maroon Creek, carries a great abundance of 
granitic boulders. Possibly the two main groups of rocks are 
made up of a number of formations that vary in lithology later- 
ally, and which are in places separated by unconformities. 

Granitic Intrusives——Present meagre knowledge suggests that 
the batholithic rocks of the Skeena district are of much the same 
nature as those of the Stikine district,* which belong to six to ten 


4 Stikine River area. Maps 309A, 310A, 311A, Can. Geol. Surv. 1935. 
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different types and range in age from Triassic to Cretaceous. 
There the most extensive phases, which in many places have 
usurped positions held by earlier phases, are three of probable 
Cretaceous age. These occur in three parallel and partially over- 
lapping belts. In order, from oldest to youngest and from west 
to east, they are quartz diorite, granodiorite, and quartz mon- 
zonite. Great synclinal valleys in places lie between them. In 
the Skeena district it is possible that the great Kitimat-Kitsum- 
gallum valley lies between two such phases. Quartz diorite is 
reported to be abundant west of this valley, and granodiorite 
similar to the Cretaceous granodiorite of the Stikine occurs to 
the east. Altogether, to the east, six phases have been recognized, 
either in situ or inferred from boulders in conglomerates: 


? oligoclase-quartz diorite 


Triassic 

Triassic or Jurassic augite diorite 

Jurassic albite-rich intrusives (granite, granodiorite, quartz 
diorite, diorite and albitite ) 

Jurassic ? rhyolite and granite 

Cretaceous ? andesine granodiorite 

Cretaceous ? quartz monzonite. 


A number of small intrusive bodies are not sufficiently similar 
to those of any of the above groups to be classified with them. 
Some, however, are probably related. Others bear sufficient 





21, Black Bear; 22, Black Wolf; 23, Motherlode; 25-27, Scenic and Log 
Cabin; 28, Patmore; 29, Payne; 30, Fiddler; 31, Prosperity; 33, Helen; 
34, Grotto; 35, Canyon; 36, Phoenix; 38, Diadem; 39, April & May; 40, 
Cordillera; 41, Lucky Luke; 42, Lucky Strike; 43, Homestake; 44, Nug- 
get; 45, Dynamiter; 46, Hughie; 48, Seven Sisters; 49, D & W; 50, 
Caledonia; 51, Algoma; 52, Stelmo; 53, Golden Cache; 54, Smythe; 55, 
Shenandoah; 56, Mitts; 57, Coffee Pot; 58, Frisco; 59, Zona May; 60, 
Regiria ; 62, Independence ; 63, M & K; 64, M & M; 65, Nabob; 67, Silver 
Basin; 69, Toulon; 70, Usk; 71, Emma; 73, 4 Aces; 74, Bornite King; 
75, Continental ; 76, Swede and IXL; 77, Big Boy; 78, Banner; 79, Wells; 
80, Montana; 81, Lucky Jim; 82, North Star; 83, Peerless; 86, Silver 
Bow; 89, Zymoetz; 90, Dardanelle; 91, Brunsing; 92, Golden Globe; 
93, Ptarmigan; 96, St. Paul; 97, Eureka; 98, Felber; 99, Lead King. 
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similarity to the probable Tertiary intrusive bodies ° in the Bulkley 
Mountains to be considered as related to them. 


INTRUSIVE TYPES AND RELATED MINERALIZATION. 


The data presented herein are not sufficient in themselves to 

provide many generalized conclusions either in regard to the 
Coast Range batholithic intrusives or mineral deposit relation- 
ships, but when viewed in conjunction with information gained 
in the Stikine River area (summarized on the Stikine River maps 
previously noted), in other sections farther north for which data 
have not yet been published, and from other areas to the south, 
certain important features become apparent. In general, the in- 
trusives that are variable in character due to differentiation, espe- 
cially those high in acid plagioclase, are by far the most important 
producers of mineral deposits. Deposits high in albitic plagio- 
clase commonly have associated mineral deposits, and these gen- 
erally have a high gold content. The uniform intrusives, espe- 
cially some fairly high in orthoclase and intermediate plagioclase, 
have not produced much important mineralization. Of the three 
late intrusive phases in the Coast Range, the quartz diorite in the 
west, the granodiorite in the center, and the quartz monzonite in 
the east, the first probably has important related mineral deposits, 
but the other two, and especially the last, are probably unim- 
portant, and because of their emplacement in large sections of 
the Coast Range they have undoubtedly destroyed older deposits. 
Earlier Triassic and Jurassic acid plagioclase diorites and quartz 
diorites were responsible for most of the mineral deposits, espe- 
cially those high in gold. Some intrusives high in orthoclase in 
the Stikine River area also produced mineral deposits, but these 
are mainly low in gold. In general, it is believed that further 
studies in the Coast Range will provide certain rules about min- 
eral deposit relationships that will be applicable throughout its 
length and will contribute much to aid prospecting and develop- 
ment of the mineral resources. 

5 Kerr, Forrest A.: The Bulkley and Babine Mountains, British Columbia. Geol. 

Soc. Amer. Bull. In Press. 


T 


cons 
a fo 
rock 
foss 
Old 
boul 
mate 
to tl 
wert 
cam 
abut 
Ran, 
to si 
occu 
the 
simil 
quar 
It is 
shov 
Rive 
T) 
notec 
main 
and 
Mou 
rich 
sill o 
gallu 
volea 
TI 
the r 
prope 
rock 


free : 


‘ 


tain 








RELATIONSHIPS OF MINERAL DEPOSITS. 433 


Triassic ? Oligoclase Quartz Diorite—On Maroon Creek a 
conglomerate contains abundant granitic boulders, many nearly 
a foot in diameter. It occurs in the younger group of Mesozoic 
rocks, and appears to be well below beds from which late Jurassic 
fossils were obtained, so that its age is probably early Jurassic. 
Older conglomerates nearby contain relatively few if any granitic 
boulders, but are largely or entirely made up of Mesozoic volcanic 
materials. No boulders similar to the Paleozoic rocks here or 
to those in other districts along the east side of the Coast Range 
were noted. Thus, it would appear that the granitic boulders 
came from an intrusive body that cuts Mesozoic rocks, and their 
abundance indicates a source nearby, probably within the Coast 
Range. As the granitic body must have been extensively eroded 
to supply boulders in such abundance, and as the conglomerate 
occurs fairly well down in the Jurassic series, it is probable that 
the intrusive was Triassic. Most of the granitic boulders are 
similar. One specimen examined microscopically proved to be 
quartz diorite with oligoclase feldspar and much brown biotite. 
It is quite different from other common types in the area, but it 
shows lithologic similarity to Triassic intrusives of the Stikine 
River map area. 

Triassic or Jurassic Augite Diorite-——The oldest granitic rocks 
noted in place are dark green augite diorites. These are made up 
mainly of secondary hornblende with some remnants of pyroxene, 
and albite or oligoclase. This rock occurs on top of Kleanza 
Mountain in a shell of the older volcanic group above the albite- 
rich intrusives. It appears to be distinctly older than these. A 
sill or dike of the same kind of rock also occurs east of Kitsum- 
gallum Lake in the younger group of Mesozoic sediments and 
volcanics, which at this locality are greatly metamorphosed. 

The augite diorite is so limited in extent that the character of 
the related mineralization is not well known. On the Treadwell 
property (No. 18, Fig. 1) on Kitsumgallum Lake a dike of this 
rock is irregularly mineralized with bornite, said to carry some 
free gold, and some pyrite and chalcopyrite. On Kitselas Moun- 


tain there are bodies of augite diorite associated with deposits 
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carrying bornite, chalcopyrite, pyrite, and gold, with little quartz. 
One of these deposits, the Lucky Luke vein (No. 41) which oc- 
curs in sheared volcanic rocks, has been shown to have a vertical 
extent of at least 200 feet. In the Bridge River district in south- 
ern British Columbia important gold deposits with vertical extents 
of over 2,000 feet occur in and may be related to augite diorite.® 

Jurassic Albite-rich Intrusives.—Albite-rich intrusives, charac- 
terized by an abundance of albite and less commonly of oligoclase, 
range in composition from granite to diorite and albitite, and in 
color from light gray to dark green. They display a great variety 
of peculiar textures; many have large irregular phenocryst-like 
masses of plagioclase in a groundmass of different sized grains. 
The plagioclase in some parts has a fairly wide range of composi- 
tion, with an inner section of basic oligoclase and an outer rim 
of albite. The ferromagnesian mineral is generally hornblende, 
which may be abundant. Rarely biotite is present. 

The granite is commonly light gray and coarse textured and 
occurs mainly in the central parts of the bodies. The granodi- 
orite and quartz diorite are slightly darker and occur outside of 
the granite. The diorite is light gray or green in the coarser 
phases, and ranges to dark gray or green in chilled contacts, where 
it resembles volcanic rocks. ‘The albitite is light gray, like porce- 
lain, to light brown. All types show considerable variations and 
there are gradations from granite to diorite. In places the more 
acidic rocks cut the more basic with sharp intrusive contacts, and 
in others more acidic types occur at the outer contacts of the in- 
trusive bodies. In the contact zones both within and beyond the 
intrusives there are numerous dikes. Some are dark green por- 
phyritic albite diorite, others are lighter gray or green granodi- 
orite and quartz diorite. Albitite dikes that cut all the other types 
of dikes are fairly common, 

The contact of the albite-rich intrusives is difficult to trace, 
partly because it is extremely irregular and partly because of the 
strong resemblance between the diorite contact phase and the vol- 
canic rocks. Near-contact parts of the intrusive bodies, how- 


6 C. E. Cairnes, personal communication. 
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ever, can usually be readily recognized by their darker color and 
the abundance of dikes and roof pendants or inclusions. 

The albite-rich intrusives cut the Jurassic conglomerate that 
contains boulders of the oligoclase quartz diorite, and also appear 
to be later than the augite diorite. They are, therefore, con- 
sidered to be late Jurassic. They are similar in many respects to 
the oligoclase granodiorite of the Stikine map area, which is con- 
sidered to be Jurassic. They are considerably altered, in places 
greatly sheared and shattered, and are traversed by many dikes of 
different types and ages. 

Most of the numerous goid deposits in the Coast mountains 
along the Skeena River occur in the contact zones of the albite- 
rich intrusives and are related to them. They are mainly quartz 
veins carrying sphalerite, pyrite, galena, and chalcopyrite; less 
commonly they have free gold, pyrrhotite, hematite, tetrahedrite, 
and other minerals. In places they carry albite and carbonates. 
Not all of the common sulphides are present in each deposit. 
Gold, though free in some places, is probably mainly in the pyrite. 
The amount of gold in some deposits ranges from .5 to 1.25 
ounces a ton, though others contain less and some none at all. 
The veins are mostly less than 3 feet wide and 1,000 feet long, 
and they rarely extend down the dip more than a few hundred 
feet. Some, however, are considerably larger. 

In some localities the deposits occur exclusively in the volcanic 
or sedimentary rocks, but where the intrusive bodies are small 
stocks, dikes, or sills the deposits are generally within them. 
Elsewhere the deposits extend for short distances on either side 
of the contact. Deeper within the intrusive bodies the same or 
similar deposits continue but are valueless, and these carry chlo- 
rite and molybdenite, which commonly are not present in the 
valuable parts. Generally the deposits follow along the sides of 
albitite dikes and these are probably the best. In the sediments 
away from the contacts the deposits commonly follow along the 
bedding, mainly near anticlines, crumples, or faults, which in 
many places are probably related to minor intrusions. In areas 
of massive volcanics the veins either take the form of many small 
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irregular lenses and stringers or they occur in joints or parallel 
shear zones that have a fair amount of regularity. These are 
generally lenticular in vertical extent. They start near the con- 
tact either within or beyond the albite intrusives, and widen fairly 
abruptly away from the intrusives to their maximum thickness, 
where the best values generally occur; farther from the intrusive 
body they tend to taper off and become poorer. 

The albite-rich intrusives were apparently formed over a con- 
siderable period during which the magma first became progres- 
sively more quartzose and then increased in orthoclase content. 
At times or in places the outer parts of the magma cooled and 
solidified. Some of these parts were penetrated and even com- 
pletely replaced by later invasions of the magma. At a late stage 
highly albitic material was given off, probably as a pegmatitic 
differentiate, to form albitite dikes. In general, at all times the 
albite appears to have tended to separate out from the magma. 

Mineralizing solutions were not given off until the diorite and 
at least the outer shell of quartz diorite had crystallized. These 
parts, however, except in small bodies that cooled rapidly, were 
apparently still too hot to harbor valuable mineral deposits, so 
that deposition took place largely beyond the contacts. Min- 
eralization was probably closely related to the albitite dikes and 
followed soon after these were formed. 

Probably many other similar deposits occur along unexplored 
sections of the contact zones. The area south of the Skeena 
except the base of Kleanza Mountain and the northern end of 
Thornhill Mountain would appear to be favorable prospecting 
ground for this type of deposit. 

Jurassic ? Rhyolite and Granite——Light gray to pink rhyolite 
dikes are common in sections along the Skeena River. On the 
Canyon property (No. 35) they cut albite diorite porphyry. In 
the Cordillera mine one cuts copper-gold veins. A large pink 
granitic dike cuts the albite-rich granitic intrusives on Thornhill 
Mountain. Pink and red granitic rocks are said to occur on 
Thornhill and Kleanza Mountains and up Zymoetz River. Some 
of these masses probably belong to the albite-rich intrusives, but 
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some may be related to the still younger rhyolite dikes. The 
rhyolite dikes are faulted and somewhat sheared in places. 

Copper deposits with low gold and silver values occur in rhyo- 
lite dikes on the Canyon (No. 35), Grotto (No. 34), Algoma 
(No. 51), and other properties. On the Canyon property a flat- 
lying 3 to 10-foot rhyolite dike and the adjacent albite diorite 
porphyry are sparsely mineralized with veinlets and impregnations 
of bornite, hematite, and chalcopyrite which undoubtedly orig- 
inated in the dike. Similar copper deposits, possibly related, oc- 
cur throughout a wide area from Kitselas and Bornite Mountains 
northeastward to Sand and Legate Creeks. Some of these do 
not appear to be related to contacts and show persistence for con- 
siderable lengths. In the main mineralization is sparse and grade 
is low. 

Cretaceous ? Andesine Granodiorite —Granodiorite of uniform 
character occurs in large areas. It carries andesine plagioclase 
that is almost invariably zoned. Both hornblende and biotite are 
present. The composition shows some variations from quartz 
diorite to granite. The contacts are sharp and well defined; 
coarse textured light gray material continues to the contact. In 
places it has been somewhat altered by mineralizing solutions. 
Some large dikes of this material with a porphyritic texture ex- 
tend for miles. Dikes of this granodiorite cut the Fiddler (No. 
30) vein, which is probably associated with the albite-rich intru- 
sives. West of Dorreen Mountain dikes and a large mass cut 
dikes of the albite-rich intrusives, and in the Cordillera mine (No. 
40) a dike that appears to be the same andesine granodiorite cuts 
the veins and probably cuts a rhyolite dike. The andesine grano- 
diorite generally is fresher and less sheared and faulted than the 
albite-rich intrusives. It shows a marked resemblance in many 
characteristics to granodiorite in the Stikine River map areas. 
In both localities the bodies are considered to be late Lower Cre- 
taceous or early Upper Cretaceous. 

In a number of localities there is considerable alteration along 
the contact zone of the andesine granodiorite. Quartz veins and 


quartz pyrite veins occur in and are mainly confined to the con- 
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tact zone on the Phoenix property (No. 36) and on Dorreen 
Mountain, and are reported from many localities by prospectors. 
In places the veins carry an abundance of pyrite and some carry 
a little molybdenite. The quartz and quartz-pyrite veins so far 
have not been shown to carry important quantities of valuable 
metals. On the Prosperity property (No. 31) on Dorreen Moun- 
tain, alteration and quartz veins occur in a shell of older rocks 
overlying the granodiorite. One quartz vein locally is largely 
tetrahedrite and carries an abundance of silver. The deposit, 
however, does not continue in the granodiorite and clearly is 
small. 

Cretaceous ? Quarts Mongonite——In the eastern part of the 
Coast Mountains for some distance east of Dorreen there is a 
break in the range and no mountains occur near the railway. 
East of the break on Skeena River is Seven Sisters Mountain, 
the largest near the railway, and along the trend of the range to 
the north are other high rugged peaks. This break in the moun- 
tains is similar to others that occur in the same position farther 
north and commonly lie between areas including quartz mon- 
zonite in the east and granodiorite in the west. 

Seven Sisters Mountain is largely made up of bedded rocks, 
which at the top are nearly flat and beyond this dip outward in all 
directions, forming a great dome. The Skeena River from 
Kitwanga to Dorreen describes a broad arc, probably following 
the strike of the strata around the base of the dome. Deep 
cirques on the mountain expose a light brown or pink granitic 
mass. Abundant boulders in streams from these cirques are of 
fresh, uniform, buff or pink coarse-grained quartz monzonite 
that is distinctly different from other intrusives to the west. A 
typical specimen contains about equal amounts of quartz, oligo- 
clase (or albite-oligoclase), and orthoclase, with a very small 
percentage of dark constituents. The contacts of the main mass 
as seen from a distance and also in the boulders are sharp, without 
much change in texture, and in the main show no rustiness. “The 
associated dikes, which are not abundant, have a peculiar irregu- 


lar porphyritic texture with phenocrysts of all three minerals in 
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a groundmass of all three. One studied microscopically has the 

same composition as the main mass. The mass in every respect 

shows a remarkable similarity to other masses occurring in a belt 
in a similar position in the Coast Range between Stikine River 
and Atlin Lake. 

No evidence was noted to suggest that the quartz monzonite is 
responsible for any important mineralization. 

Unclassified Intrusives.—Unclassified small intrusive bodies in- 
clude hornblendite and diorite on Fiddler Creek which may be 
related to the Cretaceous ? granodiorite. Near the mouth of the 
same creek there is a mass of orthoclase porphyry (syenite). A 
stock on Kleanza Creek is granodiorite and pink quartz porphyry, 
one on Chimdemash Creek is diorite and gabbro, and one on 
Legate Creek is syenite and diorite. Otherwise stocks so far as 
known are mainly granodiorite. 

With many of the smaller isolated stocks cof individualistic 
petrographic character, such as those on Legate, Chimdemash, 
and Kleanza Creeks and near Woodcock, there are associated 
mineral deposits, and around each stock each has its own indi- 
vidualistic characteristics like the stocks themselves. 

Curicaco, ILL., 

Jan. 26, 1938. 
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REVIEW OF THE APPLICATION OF MICROSCOPIC 
STUDY TO METALLURGICAL PROBLEMS. 


G. M. SCHWARTZ. 


ABSTRACT, 


The application of microscopic study, particularly of polished 
surfaces, to metallurgical problems was slow to develop but pub- 
lished data have accumulated rapidly in the last few years as 
shown by the bibliography. <A great variety of information may 
be obtained as indicated by an outline under the headings of 
mineral, textural, quantitative, and special data. A review of 
problems encountered by the writer as well as several from 
the literature, serves to illustrate the value of the methods of 
microscopic analysis. Much more general application is desir- 
able as lower grade ores are utilized. 


INTRODUCTION. 
THE application of the microscopic study of polished surfaces of 
ore minerals to metallurgical problems began early in the use of 
the method in geology as is shown by the classic study made by 
Singewald on the titaniferous iron ores and published in 1913." * 
In view of the decisive answer to the question as to the possibility 
of separating the titanium from iron by mechanical means, it is 
rather surprising that the method was not more quickly adopted 
by students of metallurgical problems particularly in milling ores. 
As shown by the bibliography at the end of this paper publication 
of results of this work did not begin actively until 1918. The 
early published papers were more concerned with methods than 
with results of actual problems; however, lately several detailed 
studies have been described and some are summarized below. 
The recent paper on the Lake Shore Mine is a most excellent il- 
lustration of the useful results that may be obtained by a long 
time program of metallurgical investigation including the liberal 
use of the microscope. Milling problems have been foremost, but 


* Numbers refer to bibliography at end of article. 
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the possibility of the application of microscopic studies to other 
phases of metallurgy is illustrated by the study of iron ore sinter.” 


METHODS. 


The equipment and methods used vary with the nature of the 
problems, but in general the work with very fine sizes of mill 
products can be satisfactorily handled only in a well equipped 
laboratory where up-to-date methods of mounting can be used 
and the polished surfaces studied at magnifications up to 1000 or 
even 2000 diameters. For quantitative work, net ruled mi- 
crometer oculars are necessary and a mechanical stage is indis- 
pensable. Much better work can be done with the new integra- 
tion stage. A polarizing reflecting microscope, as well as the 
usual petrographic and binocular microscopes is also a neces- 
sity. 

It is not possible to set down definite rules cf preparation as 
almost every problem differs from others in some respects. 
Many problems may be solved, or at least sufficient information 
secured, by studying polished surfaces of representative frag- 
ments of the ore. In fact, it seems to the writer that much valu- 
able information can always be obtained by studying good-sized 
polished surfaces even where the specific problem necessitates the 
examination of finely ground mill products. Many things may 
be more clearly seen on the larger surfaces and the information 
applied to the study of the mounted grains. 

There has been an evolution of the technique of mounting. 
Originally sealing-wax was melted and mixed with ore, then 
poured ina mold. Later the highly satisfactory method of using 
bakelite powder and curing the briquette with the application of 
heat and pressure was adopted. The latter method has the draw- 
back of requiring special equipment and considerable time, but 
for fine grains such as those passing 100- and 200-mesh screens 
it is well worth the cost and time. For larger grains the writer 
frequently uses sealing-wax as a time saver. Careful comparison 
by Mr. Gustav Carlson * has shown that sealing-wax holds grains 


* Unpublished Dissertation, University of Minnesota. 
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satisfactorily if they are not smaller than 100-mesh. Modifica- 
tions of the simple bakelite mounting are suggested in some re- 
cent papers. 

It is impractical to give a detailed description of the equipment 
and methods of mounting grains since it would require almost 
verbatim repetition of papers listed in the bibliography. A cylin- 
der mold, usually a little under one inch in diameter, which can be 
heated to 175° C. and hold a compression of 2000 pounds per 
square inch, is necessary. Head and Slavin ** have emphasized 
the necessity of freeing the ore sample of slime—otherwise the 
briquette will crumble. The normal mixture is equal volumes of 
bakelite and ore. The bakelite powder at present recommended 
by the Bakelite Corporation is BM193 Black. Paraffin or talc 
is used to lubricate the mold to prevent sticking, and approxi- 
mately 15 minutes curing at 175° C is required although this 
varies with size of briquette, kind of bakelite, and other factors. 
Special technique in mounting is often necessary as is welll 
brought out in the paper on the Lake Shore Mill referred to above. 

The problem of selecting the material to be studied is a variable 
one. It has been suggested above that a study of the orignal un- 
crushed ore will always be valuable, but this does not mean that 
such samples can take the place of actual mill products. In gen- 
eral all essential products of the mill should be studied and fre- 
quently these should be sized to enable definite conclusions as to 
size relations. It is not always necessary, or desirable, to use the 
mill products as received. If the problem concerns only sulphide 
minerals, it is often possible to reject the gangue by planning or 
the use of heavy liquids, or other means of concentration. A 
special sizer and a panner were invented by Professor Haultain 
for the studies on the Lake Shore ore (38, p. 389). Judgment 
must guide in the matter rather than set rules. 

Quantitative results are practically always necessary and re- 
quire the use of statistical methods such as those introduced by 
Rosiwal. Thomson ** has published an exhaustive treatise on 
quantitative methods, which may be studied to advantage. Other 
suggestions are made in several of the papers listed in the bibliog- 
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In some problems a binocular microscope may be used, obviat- 
ing much work of preparation. An example has been described 
in detail by Coghill and Bonhardi.* 


TYPES OF INFORMATION OBTAINABLE. 

Problems met within milling are so varied that any outline of 
information obtainable by microscopic examination can scarcely 
cover all cases, but the following outline amplified from that 
previously published by the writer ’® covers many of the points 
solved in work done to date: 


1. Identification of minerals in the ore. 
a. Ore minerals. 
Flotability. 
Solubility. 
Reducibility. 
Access to solutions. 
Tarnish, coatings, etc. 
Magnetic properties. 
Specific gravity. 
Complex minerals. 
Artificial minerals developed in sinters, slag, ete. 
b. Valueless metallic minerals such as pyrite, pyrrhotite. 
parison with valuable ore minerals. 
c. Gangue minerals. 
d. Specially important objectionable minerals carrying sulphur, 
phosphorus, etc. 
e. Minerals with troublesome structure such as sericite, talc, etc. 
2. Textural relations. 
a. Size and interrelation of various ore minerals. 
b. Size and relation of valuable to valueless minerals. 
c. Porosity, fractures, etc. allowing access of solutions, gases, etc. 
3. Quantitative data. 
a. Relative amounts of ore and gangue minerals. 
b. Percentage of each ore mineral. 
c. Percentage of values occurring in each ore mineral. 
d. Approximate chemical composition from mineral measurements 
and average analyses. 
e. Percentage of various sizes. 
f. Locked and free minerals in various products. 
Special data. 
Recognition of origin of ore and changes to be expected with depth, 
with consequent changes in mill practice. 


Com- 


» 


_ 


REVIEW OF INFORMATION ON VARIOUS PROBLEMS. 
An interesting example of the importance of chemical combina- 
tion or mineral identification in mill problems was encountered 
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by the writer in the case of a manganese ore from the Olympic 
Peninsula, Washington. The ore superficially appeared to have 
the customary black to dark brown color of the manganese oxides 
but was high in silica. The possibility of eliminating the silica 
by gravity concentration was considered, but microscopic study 
showed that the manganese and silica were combined in the com- 
paratively rare manganese silicate bementite (8MnO-5H.O: 
7Si0.).*° Only a chemical method could possibly separate the 
manganese from the silica and present conditions probably do not 
warrant such experiments. 

Complex minerals may present many problems. Argentiferous 
galena is particularly important. Silver is known to occur as a 
solid solution in galena but also occurs as minute inclusions of 
argentite, ruby silver, terahedrite, and other silver minerals. 
Ellis ** has shown how the occurrence of tetrahedrite in a galena 
ore affected the milling of the ore. It was found that the ratio 
of silver to lead varied in the tailings and concentrate from that 
in the feed. Microscopic examination showed the presence of 
tetrahedrite as minute inclusions in galena, and also larger grains 
of tree tetrahedrite, which, because of lower specific gravity, 
tended to appear in the middlings and tailings to a larger extent 
than the galena. : 

Head ** has furnished a detailed study of the importance of 
coated gold particles in tailing losses. He concluded that in most 
cases where gold was freed by grinding but large losses occurred 
during flotation, cyanidation, or amalgamation, the existence of 
some coating might be suspected. 

Magnetic properties of minerals are most important in work on 
the iron ores, but other magnetic minerals may occur as illustrated 
by a case described by the writer*’ where attempts to remove 
copper and iron sulphides from an iron ore failed because of the 
presence of magnetic copper and iron sulphides chalmersite (cu- 
banite, CuFe.S;) and pyrrhotite (FeS + Sn). 

An example of complete microscopic study of mill products is 
the work published by Head and associates on products of the 


Copper Queen concentrator. This also serves as an example of 
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the difficulty of the milling problems encountered when barren 
and valuable sulphides are intimately associated as in the case of 
supergene ores and in some primary types. Much of the problem 
at the Copper Queen was due to the very thin coatings of chal- 
cocite on pyrite, the two important sulphide minerals in the ore. 
Some conclusions may be noted. Selectivity is at a maximum in 
the size ranges from minus 150-mesh to plus 800-mesh. Ninety 
per cent of the pyrite floated has never been freed from the chal- 
cocite. The minerals in the Copper Queen ore are recovered in 
the following order: bornite (?), chalcopyrite, chalcocite, pyrite, 
malachite, hematite, and quartz. It was found that acid-soluble 
copper, mainly malachite, is most abundant in the slimes. The 
statistical data are presented with completeness, and this paper 
should be studied by everyone interested in microscopic work ap- 
plied to mill problems as an example of what thorough work 
should include. 

Coghill, Howes, and Cooke ** have shown that of two man- 
ganiferous iron ores that appeared similar on preliminary exam- 
ination, one concentrated well on tables but gave poor results 
with flotation, whereas the other was just reversed. Microscopic 
examination showed that the ore amenable to table concentration 
gave a light fraction composed almost entirely of gangue. This 
material could be rejected with a minimum loss of manganese. 
The intermediate portion varying in specific gravity between 2.95 
and 3.24 contained much carbonate, probably a mixture of man- 
ganese, iron, and calcium carbonates. The carbonate was inter- 
locked with gangue minerals which it tended to carry into the 
froth, thus diluting the concentrate. In the heavier fractions, 
close interlocking required regrinding to 100-mesh to give a work- 
able separation. 

The second ore did not respond to tabling but gave better re- 
sults with flotation because the carbonate of the intermediate 
fraction was lacking. In the heavier fractions much finer inter- 
locking was noted, explaining the success of flotation, which re- 
quires finer grinding. Iron and manganese minerals 
closely intergrown that separation is impracticable. 


are so 
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An interesting example of the microscopic study of a leaching 
problem is given by Head.*° It was found that the sulphides 
occurred almost invariably along shattered portions of the rock, 
and it was thought from the well-marked character of these frac- 
tures that the rock would naturally break along them, thus ex- 
posing the sulphides to the leaching solutions. The crushed size 
was judged as about one-half inch. It was found from a study 
of the actual leached ores that the chalcopyrite was relatively re- 
sistant to leaching as compared with the chalcocite and covellite. 
Clay-like sericite surrounded some particles of sulphide and pre- 
vented solutions reaching them. The importance of gangue ma- 
terial in tests is thus emphasized. 

The significance of texture in concentration is illustrated by 
results obtained by Cooke,*® during a study of iron ores. Magne- 
tite gives a concentrate with very low silica content whereas hema- 
tite always has somewhat higher silica. The difference is due 
to the interlocking nature of the hematite laths which trap par- 
ticles of gangue. Goethite, which is frequently associated with 
hematite, also occurs interlocked with hematite. Magnetite, be- 
cause of its general equigranular form, does not enclose the 
gangue. 

Non-metallic problems have furnished few published examples, 
but a recent report by the U. S. Bureau of Mines ** notes a non- 
metallic milling problem solved by the microscope. In attempts 
to eliminate iron-bearing minerals, principally aegerine and _bio- 
tite from a nepheline syenite, it was found that one sample gave 
good results by grinding to 200-mesh followed by magnetic con- 
concentration. Another sample gave very poor results, which 
microscopic examination proved to be due to the presence not 
only of extremely fine attached particles of iron-bearing minerals, 
but these were also found as numerous inclusions in the nepheline 
crystals. The relation of size as well as manner of aggregation 
is thus emphasized. 

3roderick *® has recently shown the value of geology including 
microscopic study to the problem of iron ore concentration in 


Michigan. The chief properties that determine the method of 
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concentration are the mineral composition and texture, which can 
be determined only by microscopic examination. Thus, ores con- 
taining a considerable percentage of iron silicates, as some of the 
slaty members of the iron formation, are unsuitable for con- 
centration. The chief problem, however, arises from the texture 
of the ores, which is banded, varying from thin to thick bands 
that vary from lean to rich. Microscopic study shows that some 
of the bands are of a thickness of the openings in a 300-mesh 
screen, and the fine grinding required eliminates the ores from 
gravity concentration. In the coarser bands, there is generally 
a fine mixture of iron oxide and chert within the richer band, 
preventing the formation of a high-grade concentrate. In some 
of the more coarsely banded iron formation, a satisfactory jig 
concentrate was made where the bands consist mainly of iron 
oxide alternating with lean, cherty bands. 

An instructive illustration of the value of quantitative data ob- 
tainable from a microscopic study is given by the report on the 
mill products of the Utah Copper Company.** The data were ob- 
tained by a detailed statistical microscopic analysis of the com- 
posite mill feed, concentrate, and tailing for one month. The 
mineral composition of the ore as well as various mill products 
was determined in percent of each mineral present. The size 
distribution of composite samples as well as of the copper content 
was determined and illustrated by diagrams. Sixteen tables of 
page size, as well as many lesser tables, are used to convey the ac- 
cumlated data. From these tables it is possible to gain an ade- 
quate idea of the mineralogical composition of the ore and then 
follow each mineral through the various products and study its 
reaction to the milling methods. The mineral in which copper 
occurs in the tailings is clearly shown and the possibility of re- 
covery may thus be judged to some extent. 

An illustration of the practical application of microscopic work 
preliminary to extensive metallurgical investigations is furnished 
by work done by the University of Minnesota Mines Experiment 
Station on estimation of possibilities of concentration of protores 
of the Mesabi range, in which the Department of Geology co- 
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operated by supervising microscopic work. In order to make 
actual concentration tests, it was desirable to obtain large samples 
where openings were available and to project this data to adjacent 
areas where diamond drill cores were available. Accordingly 
representative drill cores were grouped with each of 132 samples. 
To judge whether results on the samples could be safely pro- 
jected, several polished surfaces were prepared from each sample 
and drill cores from each hole of the group, and a report prepared 
on the group as a whole. In the microscopic study the following 
points were covered and listed thus: 


a. Minerals, structure, and texture. 
b. Proportions of the various iron oxides to each other. 
c. Size of iron oxides and gangue. 
A summary of each group considered the following: 
1. Are the samples representative ? 
2. Are they high or low grade? 


3. Variations in mineral content and structure. 
4. Proportions of the various minerals. 

5. General grain size of the iron oxides. 

6. General grain size of the gangue. 


Frequently, microscopic work may show the impossibility, or 
at least impracticability, of certain separations. Thomson *° has 
described experiments, corroborated by photographs, showing that 
it is not possible to separate completely pyrrhotite from pent- 
landite in ores from the Creighton Mine, Sudbury, even when 
ground to pass a 300-mesh screen. 

Excellent examples of information obtainable by microscopic 
study where impurities contaminate the ore is furnished by iron 
ores from China recently studied by the writer. Some of these 
ores were high in either sulphur or phosphorus, or both.  [:x- 
amination of the ores with high sulphur showed them to be thor- 
oughly oxidized and no sulphides remained although pseudo- 
morphs of limonite after pyrite were recognized. The thorough 


oxidation indicated that the sulphur, which occurred in amounts 
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up to 5 per cent, must occur as sulphates. Gypsum alone could 
not account for all the sulphur as the calcium content is too low, 
which in turn indicates the occurrence of sulphates of iron, such 
as jarosite, of which at least six are known to occur associated 
with earthy limonite and are generally inseparable from it. 

Some of the same ores also contained phosphorus in amounts 
up to 0.7 per cent and presented practically the same problem as 
in the case of sulphur. In only one specimen was it possible to 
recognize apatite, which was certainly not present in anything 
like the percentages required for the phosphorus content. This 
microscopic conclusion was checked by analyzing for calcium with 
the result that the calcium content was found to be far below 
that required by apatite. Here too the explanation may be found 
in the iron phosphates of which at least four, dufrenite (2Fe.Q;- 
P.0;-3H,O), vivianite (Fe;P.,0,-8H.O), strengite (FePO,- 
2H.,QO), and phosphosiderite (4FePO-7H:), are known to occur 
in limonitic iron ores. Unfortunately, these minerals, like the 
sulphates, are red or yellow or alter to such colors on exposure 
and are not recognizable in earthy: limonitic ores except with 
great difficulty. As regards both sulphur and phosphorus in 
such highly oxidized and somewhat earthy ores, it is not practical 
to try to lower their ‘content by mechanical means. 

A sample of the information that microscopic study of polished 
surfaces may give on the mineral composition and texture of 
furnace products is shown by the writer’s study of iron ore 
sinter.** Iron ore sinter had been produced since 1911 but not 
until an intensive microscopic study was made, beginning in 1926 
and finished in 1929, was there available anything like an ade- 
quate idea of what sinter really was, its mineral composition and 
texture, and the changes that resulted from the sintering process. 
It was shown that practically all the original minerals disappeared 
and magnetite and fayalite (iron silicate) were produced with 
minor amounts of other minerals, particularly hematite. The 
new material was almost completely crystalline but had an ex- 
ceedingly porous texture, which doubtless is of great importance 
in the use of sinter in the blast furnace. 
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Not only is microscopic information necessary to the solution 
of problems of concentration, but plant design may well be pre- 
ceded by studies of the ore to predict what changes may be ex- 
pected with deeper mining, which in turn may affect the flow 
sheet. Detailed microscopic studies by the writer in connection 
with concentration tests on ores from Mount Magnitnaya, Russia, 
were made with the result that it was concluded that the ore repre- 
sented an oxidation product of an original ore that probably 
contained mainly magnetite and iron silicates, and possibly car- 
bonate. Thus, the hematite (martite) and limonite of the tested 
ore might be expected to give way to the primary minerals with 
depth, and also sulphides might appear. As a matter of fact, 
specimens from deeper holes recommended after the original 
study, did show the primary iron oxide to be almost entirely 
magnetite, and as expected, pyrite appeared in comparative 
abundance. In this study also comparatively high iron in the 
tailings was explained by the ‘presence of iron silicates as well as 
sarthy limonite and kaolin. Recently a similar example was 
studied from outcrops of ores in Durango, Mexico. The pres- 
ence of abundant martite suggests a change to magnetite at depth. 

Probably the most difficult problems in the microscopic study 
of milling problems arise in connection with gold because of the 
very small'quantity generally present in an ore. That modern 
methods permit the satisfactory solutions of these problems is 
demonstrated beyond question in the excellent paper on the Lake 
Shore Mill referred to previously. Gold particles as small as % 
micron were recognized enclosed in pyrite. The-relation of gold 
values to specific minerals and elements was worked out. The 
problem in this mill is complicated by the fact that a considerable 
portion (19 per cent) of the gold occurs as tellurides mainly 
as calaverite. The size and shape of the gold and telluride 
particles as well as other metallic minerals are shown for the miil 
heads and tails. Detailed studies were made of gold associated 
with pyrite in the ore and graphs show the relation between size 
of pyrite and the gold assays. It is impossible even to mention 


all of the results described in this paper of 155 pages. It must 
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be read to be appreciated. A careful description of the methods 
used is given so that these may be adopted elsewhere. 


to 


UNIVERSITY OF MINNESOTA, 
MINNEAPOLIS, MINN., 
March 10, 1938. 
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A FIELD TEST FOR PHOSPHATES:.' 
MALCOLM C. OAKES. 


ABSTRACT. 

Qualitative tests for phosphates can be made quickly in the 
field by means of acid ammonium molybdate solution, which, 
dropped upon a specimen, indicates the presence of phosphorus 
by a yellow stain or a crust of yellow phospho-ammonium molyb- 
date. Thus, sampling and analyzing of non-phosphatic rock can 
be eliminated. 

The current interest in soil conservation and soil improve- 
ment has indicated the need for large quantities of phosphate 
to rebuild the soil, and the desirability of finding cheaper local 
supplies, in order that it may be more extensively used. Small 
deposits of phosphates in Oklahoma have been reported by geol- 
ogists, and some study of the material has been made by A. C. 
Shead,® former chemist of the Oklahoma Geological Survey. 

At the suggestion of members of the Agricultural Experiment 
Station, the Oklahoma Geological Survey has recently undertaken 
a preliminary survey and sampling of the deposits of the state, 
in order that some appraisal of their value as sources of fer- 
tilizer might be made. This is being done so that samples of the 
richer material may be applied to experimental plots at the Ex- 
periment Station, and the suitability of the Oklahoma material 
determined. 

Early in the phosphate investigation it became evident that 
reliable field criteria are practically non-existent. Certain char- 
acteristic types of concretionary nodules in limestone and shale 
are indicative, but often misleading, whereas rocks in which the 
phosphate is disseminated or present in the form of minute, al- 
most microscopic nodules, offer few if any reliable field criteria. 

1 Published with permission of Director, Oklahoma Geological Survey. 


2 Shead, A. C.: Phosphate rock in Oklahoma. Okla. Acad. Sci., Proc., vol. 3, 


1923. 
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[t was evident that a reliable field test would greatly expedite the 
work by eliminating sampling and laboratory work on barren 
material and insuring the sampling of all material that might be 
rich enough in phosphate for utilization. 

The standard qualitative test for phosphate may be used to 
estimate roughly the percentage of P.O; present, the procedure 
being as follows: A measured or estimated volume of the ground 
material is boiled in a solution of nitric acid, the residue is re- 
moved by filtration and a measured amount of acid ammonium 
molybdate solution is added. The presence of phosphate is in- 
dicated by the yellow precipitate of phospho-ammonium molyb- 
date, the percentage of P.O; being roughly proportional to the 
volume of the precipitate. This test is good but too cumbersome 
for field use. 

Jenkins * gives the following method which was formerly used 
by the prospectors of Tennessee: ‘‘ This test is made by placing a 
little crystalline ammonium molybdate on the rock and adding 
dilute nitric acid. A yellow precipitate of ammonium phospho- 
molybdate is formed if the rock contains phosphorus.” This 
test proved cumbersome and not always reliable. 

After considerable experimenting, the writer found that the 
acid ammonium molybdate solution could be used directly on the 
material in the field, the presence of the phosphate being indicated 
by a yellow stain or by a crust of the yellow phospho-ammonium 
molybdate, and this method is proving of great practical value. 


REAGENT. 


Acid ammonium molybdate solution, used as a reagent, may 
be made by stirring 100 grams of pure MO; into 400 c.c. of cold 
distilled water and 80 c.c. of concentrated NH,OH. This mix- 
ture is stirred slowly into one liter of 6N HNO; solution. Care 
should be exercised to keep the solution from overheating and to 
allow each portion that initially precipitates to dissolve before 
adding succeeding portions. The solution should stand some 
time before use. If time is pressing the solution may be treated 

3 Jenkins, Olaf P.: Phosphates and dolomites of Johnson County, Tennessee. 
Tenn. Geol. Surv., Res. of Tenn., vol. 6, no. 2, April, 1916. 
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with a trace of ammonium phosphate and allowed to stand twenty- 
four hours, after which it may be filtered and used. 

By using some particular formula like the above, the field 
man is assured of a constant reagent and can therefore build up 
a reliable fund of experience in its use. 


FIELD KIT. 


It must be remembered that although it is not extremely strong 
nor dangerous, the solution is an acid and should be handled with 
care. To this end a suitable field kit is desirable. The reagent 
is best carried in a four ounce glass stoppered reagent bottle. A 
glass tube six and a half inches long, fire polished at both ends, 
is convenient for applying it. The conventional medicine dropper 
is impractical because the acid rapidly decomposes the rubber bulb. 

A convenient carrying case may be made of white pine boards, 
2% by 2% by 6% inches, inside dimensions. It is just high 
enough to accommodate the glass tube with 4% inch protruding, 
and just large enough to permit the easy insertion of a four-ounce 
bottle. Owing to the length of the glass tube, it will be neces- 
sary to support the bottle on a false bottom, so placed that with a 
half-inch of asbestos or rock wool under the bottle as a pad, the 
cover of the case securely holds the glass stopper in place. One 
corner of this false bottom is cut away to accommodate the glass 
tube, which stands in one corner of the case and is held upright 
by a nail bent across the top of this corner. The hinged cover is 
closed by a flat hook. The cover has a shallow hole bored in its 
under side to accommodate the top of the glass tube which pro- 
jects above the top of the case one-fourth inch for convenience 
in removing. A leather strap makes a good handle. 


THE TEST. 


To make a qualitative field test for phosphate, a few drops of 
the reagent are applied to the rock and, after a few moments, < 
yellow stain or a crust of the yellow phospho-ammonium molyb- 
date will appear, if phosphate is present in appreciable amount. 


The reagent should be applied to a freshly broken face, trans- 
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verse to the bedding, in order to avoid crevices or bedding planes 
that may give results widely different from the average. 

If the material is porous the reagent may wash the phosphate 
into the interior where of course the yellow color will not be seen. 
It is best to use small pieces, to saturate them completely with the 
reagent, and even to examine the under side for stains. Dark 
colored material, while still wet with the reagent, shows less color 
than lighter colored material of the same phosphate content. 
The test is much slower and gives a less evident color if the 
material is already saturated with water, since the reagent must 
penetrate the rock by diffusion, and is also diluted. Below 40 
degrees Fahrenheit the test is slow and unreliable. If the ma- 
terial is highly calcareous, more of the reagent is needed since 
much of the nitric acid is dissipated in effervescence. In such 
rocks, however, the test will detect quite small percentages of 
phosphate. 

Quantitative estimates may be made in the field by using a spot 
plate, which is a small slab of porcelain with a dozen small de- 
pressions in its face for holding the crushed material and the 
reagent. A small piece of the rock is crushed with a pair of 
pliers, placed on the spot plate and just covered with the reagent. 
The depth of the yellow color indicates the relative amount of 
phosphate. 

CONCLUSIONS. 

This field test for phosphate is practical and convenient. It 
also serves as an acid in testing for carbonates, making it 
unnecessary to carry a second kit for that purpose. It is sen- 
sitive to less than one-half of one per cent of P.O; in nodules, 
limestone, shale, and even in chert. In fact it is too delicate to 
assure the field man that he has found a commercial source of 
phosphate. He may still bring to the laboratory much low grade 
material, but by using this test, he can eliminate a great many 
barren samples. As with other work, experience ripens the 
judgment. 

OKLAHOMA GEOLOGICAL SURVEY, 

NorMAN, OKLAHOMA, 
February 12, 1938. 
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SEDIMENTARY COPPER, VANADIUM-URANIUM, 
AND SILVER IN SOUTHWESTERN 
UNITED STATES. 


Sir: The article by Richard P. Fischer, under the above title 
in the November, 1937, issue of Economic Geology is an impor- 
tant contribution to the literature, and should aid considerably in 
clearing up some of the puzzling questions concerning sedimentary 
deposits of not only these metals, but also of some deposits of 
other metals occurring in a more or less sheet-like form, for 
whose genesis no entirely convincing explanation has, as yet, 
been advanced. 

Fischer makes a strong case for the syngenetic origin of these 
deposits,—syngenetic in the sense that the concentration of the 
metals occurred at the time of the deposition of the beds in which 
they are found. On the basis of the facts presented in his paper 
it would seem that the advocates of hydrothermal origin for de- 


’ 


posits of the “ Red Beds” type lacked substantial evidence in 
support of their thesis; but they, on the other hand, can present 
a formidable stumbling-block to the straight syngenetic, as well 
as the closely related “ Concentration by Circulating Meteoric 
Waters ” school, i.e. the question of the ultimate source of the 
metals found in these deposits. 

Fischer passes rather lightiy over this delicate point by simply 
stating that the ultimate source is igneous rocks or hydrothermal 
veins, but admittedly fails to find an adequate source within hun- 
dreds of miles of the deposits he describes. The advocates of 
hydrothermal origin, naturally would not have to go so far afield 
for their source. 

If there is one unescapable inference that a study of the data 


presented by Fischer leads to, it is that these deposits were formed 
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with relative rapidity. The arkosic character of most of the en- 
closing sediments, crossbedding, pseudomorphic replacement of 
uncrushed organic matter, etc. all point in this direction. Where 
did so much copper come from in a short lapse of time? It is 
true that the known “ Red Beds” deposits, fortuitously exposed 
by erosion or by comparatively small scale prospecting operations 
are not quantitatively very significant. Nevertheless, the prob- 
able existence of unknown lenses in these same horizons still 
under cover, as well as those parts of the horizons already re- 
moved by erosion, with a combined area of many hundreds of 
square miles, bring to stupendous proportions the total amounts 
of metals deposited, particularly copper, during the relatively 
short periods involved in laying down the ore-bearing horizon. 
The slow erosion of even a Utah Copper or of mountain ranges 
containing infinitesimal quantities of copper simply can not fur- 
nish an adequate supply of metalliferous solutions during the 
lapse of time in which these formations were laid down. 

How can such manifestly negative evidence be reconciled with 
the abundant and equally positive criteria that Fischer presents in 
favor of his hypothesis of syngenetic origin? I think that the 
idea, so clearly elucidated by W. H. Emmons in recent years, of 
mineral-bearing fluids expressed from cooling mineralized batho- 
liths and collecting in the upward bulges “ cupolas” of the un- 
dulating roofs of these batholiths, points the way to such a 
reconciliation. Briefly, if the rock cover over such a bulge or 
cupola is fractured or permeable, this magmatic extract may 
enter these fractures or permeable zones to form veins and lodes. 
But Emmons does not stress the fact that the combination of a 
cupola with a suitably fractured rock cover is after all a very 
fortuitous circumstance and that a far greater part of the mag- 
matic mineralized fluid collecting under the roof of the batholith 
would probably be ejected into the atmosphere wherever the batho- 
lith forces vents through the weak points of the roof. Such 
vents would be more likely to occur in the main dome of the 
batholith rather than a cupola, and precisely where the greatest 
accumulation of expressed mineralized fluid might be expected to 
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occur. Such an amplification of Emmons’ theory was forcibly 
impressed upon me in seeking an explanation for the minute gold 
content, about 1 to 5 cents per short ton,’ of a deposit of vol- 
canic ash of many billions of tons filling a part of the central 
valley of Chile. This gold is absolutely syngenetic, still locked 
in its glassy matrix of volcanic ash. Gold is not oxidizable and 
can not migrate in solution from its original host-rock. Similar 
deposits exist in an ancient lake bed near Hartsel, Colorado, not 
far from Cripple Creek, in parts of Death Valley, and it is not 
unlikely that the famous microscopic gold colors of the Snake 
River placers were derived in large part from volcanic ash de- 
posits. 

Although gold will remain intact in its volcanic matrix subject 
only to mechanical release, the same can not be said of such other 
metals as commonly occur in veins in the state of sulphides. Dur- 
ing an eruption of volcanic ash (“ mother liquor” of veins) the 
particles are exceedingly minute and are eventually deposited over 
an enormous extent of territory like a thin cap of snow. Ina re- 
cent eruption in Chile, some of the ash fell in Uruguay on the 
other side of the South-American continent. The sulphides of 
these minute particles of potential vein-matter would at once be 
oxidized, and with the first rains, the sulphate solutions would 
begin their migration, either to the ocean to be lost, or to some 
enclosed shallow water basin to become incorporated in a deposit 
of the “Red Beds ”’ type. 

The mode of precipitation, whether by the reducing action of 
organic matter or by bacteria is immaterial, except in so far as 
there may be selective precipitation of certain metals from mixed 
solutions. For instance, copper might be precipitated and zinc 
and lead pass on. The main condition of a great quantity of 
material for precipitation available in a relatively short time is 
amply satisfied. Incidentally, the quantitative significance of 
the original metallic content of some volcanic ash deposits may be 
appreciated by considering merely the gold values still left in these 
deposits, for, on account of the insolubility of this metal, a con- 


1 Koeberlin, F. R.: Gold in volcanic ash. Eng. and Min. Jour., vol. 135, p. 394. 
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siderable percentage of it would remain locked in the ash particles. 
As an example, the volcanic ash accumulation of the Hartsel, Col- 
orado, lake-bed region may be mentioned. A small section of 
this area was prospected by many shafts and pits about 30 years 
ago, the sampling of which, at the time, showed over 400,000,000 
tons of material carrying 20 cents gold per ton. The gold con- 
tent of the entire deposit of several billion tons would probably 
far exceed the total gold production of the nearby Cripple Creek 
district of high-grade veins, which may have been derived from 
the same batholith. 

It is quite conceivable that through a sudden break or vent in 
the main dome or a major cupola of a batholith all of the metalli- 
zation of a Butte, Montana, or of a Chuquicamata could be ejected 
into the atmosphere in the course of a very short time. The low 
tenor of volcanic ash as compared with consanguineous vein-filling 
is due to the fact that whereas vein material entering the fractured 
or permeable zone of a batholithic roof is drawn from the very 
top layer or quintessence of the accumulated magmatic fluid, a 
volcanic vent, on the other hand, permits of a more violent, far- 
embracing and deeper discharge, and consequent dilution of the 
fluid with extraneous magmatic material. 

I think that there can be no question but that Fischer is correct 
in ascribing a syngenetic origin to the deposits he describes, and 
that the process has an even wider scope than he indicates. Its 
implications are vast, and many other deposits, especially some of 
lead and zinc where potential hydrothermal conduits or channel- 
ways have long been sought for in vain, might show interesting 
clues if studied in the light of Fischer’s findings. 

F. R. KorEsBer.in. 

SANTIAGO, CHILE, 

CASILLA 2200, 
January 12, 1938. 


TALC DEPOSITS OF NORTH CAROLINA. 


Sir:—In his paper “ Tale Deposits of North Carolina ”’ Jasper 


L. Stuckey (Economic Grotoey, Vol. 32, No. 8, pp. 1009-1018, 
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1937) presents evidence that he considers conclusive that the talc 
deposits associated with the Murphy marble of southwestern 
North Carolina were formed by the replacement of marble and 
tremolite by hot solutions of magmatic origin. The hot solutions 
to which replacement is attributed are believed to have been sup- 
plied by small quartz-diorite dikes intruded subsequent to the Ap- 
palachian orogeny. These “dikes’’ were first described by 
Keith * who stated that they are from a few inches up to three or 
four feet in thickness and are found in all Cambrian * formations 
except the Murphy marble. It has later been shown by Keith,’ 
however, that the rock in question is neither quartz-diorite nor 
intrusive into the rock in which it occurs, but is, instead, a 
“ pseudo-diorite”” produced by the ‘“ metamorphism’”’ of sedi- 
ments. It occurs within bodies of gneisses and schists as sphe- 
roidal, ellipsoidal, elongate, and irregular masses. Although 
small basic dikes occur in the Ducktown Basin and small peg- 
matites are numerous in rocks mapped as Archean several miles 
to the southeast of the Murphy marble belt, there are no dikes or 
other intrusive bodies of any kind exposed in or near the Murphy 
area. 

All the rocks of southwestern North Carolina, including the 
Murphy marble, are cut by veins of quartz, which range in thick- 
ness from considerably less than an inch to a few feet. Many of 
the veins contain crystals of muscovite, some of which are more 
than an inch across, indicating deposition by hot solutions. 

The lack of exposed igneous intrusions in the area, however, 
does not necessarily vitiate the conclusion of Professor Stuckey 
that the tale deposits were formed by hot solutions of magmatic 
origin. Tale occurring in the Great Smoky formation in the 
Ducktown Mining District seems definitely to have been formed 
by the alteration of chlorite by hot solutions of magmatic origin.* 

1 Keith, Arthur: Description of the Nantahala Quadrangle. U. S. Geol. Surv. 
Geol. Atlas, Nantahala Folio (no. 143), p. 5, 1907. 

2The Murphy marble and the underlying and overlying schists, gneisses, and 
quartzites are now regarded as pre-Cambrian by some geologists. 

3 Keith, Arthur: Production of an apparent diorite by metamorphism. Geol. Soc. 


Am. Bull., vol. 24, pp. 684-5, 1913. 


t Ross, C. S.: Origin of the copper deposits of the Ducktown type in the southern 


Appalachians. U.S. Geol. Surv. Prof. Paper 179, p. 32, 1935. 
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Although perhaps not capable of cogent, proof, it seems likely 
that both the talc and the pseudodiorite (which has been mistaken 
for intrusive quartz-diorite) of southwestern North Carolina 
and the contiguous portions of Georgia were formed by hot solu- 
tions of magmatic origin. As shown by Ross,’ some of the 
pseudodiorite masses are associated with fractures and appear 
to be the result of thorough local recrystallization of the schistose 
country rock with the addition of some new material from the 
outside as shown by greater proportion of silicate minerals in the 
pseudodiorite than the enclosing rock. I have found that nearly 
all of the pseudodiorite exposed in extensive excavations in the 
Great Smoky formation occurs in zones on either side of strike 
faults. Although deformed and transposed metamorphic struc- 
tures indicate that the enclosing rocks have undergone at least two 
periods of deformation and metamorphism, several geologists 
have noted that pseudodiorite is an undeformed and non-schistose 
rock and was evidently formed subsequent to the last period of 
deformation and alteration. Similarly, the tale associated with 
the Murphy marble is non-schistose and occurs in undeformed 
lenses, and was also formed after the close of the Appalachian 
orogeny, as correctly indicated in Stuckey’s sequence of events. 
I believe that both the talc and pseudodiorite were formed by hot 
solutions of magmatic origin; that they were formed at about the 
same time, and that they were formed contemporaneously with the 
copper deposits, pegmatites, and undeformed quartz veins of the 
same general area in the southern Appalachians. 

BERLEN C. MONEYMAKER. 

Murpuy, Nortu CAROLINA, 

January 8, 1938. 


5 Ross believes that the recrystallization and transfer of materials were due to 
solutions but states that it is not evident whether they were the result of local con- 
centration under the influence of deep-seated metamorphism or of hydrothermal 
solutions. Idem, p. 22. 
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Ground Water. By C. F. Torman. Pp. xvii + 593; 186 illustrations. 

McGraw-Hill Book Co., New York, 1937. Price, 

This is the first comprehensive text book that has been published on 
the subject of ground water in the United States. In view of the great 
scientific and economic importance of ground water, the book should be 
very valuable for use as a text book in universities and technical schools 
and as a reference book for various groups of scientific and technical 
workers. 

The book bears evidence of Professor Tolman’s qualifications for the 
large task which he undertook in its preparation. It is evident that he 
has made a thorough study of the literature on the subject and that his 
many years of contact with practical ground-water problems in Arizona 
and California have given him a grasp of the subject which has enabled 
him to make effective use of the literature. The book also bears evidence 
that it is the product of a successful teacher. 

My own long devotion to the subject of ground-water hydrology and 
its development as a branch of science gives me a very special interest in 
the appearance of this book and in the influence that it will inevitably 
have in bringing the principles and technique of ground-water hydrology 
to the attention of the geologists and of large groups of water-supply, 
agricultural, and petroleum engineers, and members of the legal profession 
concerned with water rights. Hitherto, serious efforts in this country to 
develop the principles and technique of ground-water hydrology have 
been confined largely to the Ground Water Division of the Geological 
Survey and a relatively small number of other workers. However, the 
subject is of such vast significance to human welfare and to geology and 
related earth sciences that its wider recognition can be only a question of 
time. Professor Tolman’s book, coming from a member of the faculty 
of one of the large universities of our country who has not had any close 
connections with the Ground Water Division, may well signify the ap- 
proach of this larger interest in the subject and will certainly broaden 
the base for research in ground water and the application of the results. 
It is, of course, a matter of great satisfaction to me that Professor Tolman 
has drawn freely from the results of the work of the Ground Water 
Division and I appreciate his fair and generous acknowledgment of our 
work. 
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It is a strange fact that hydrology has been so greatly neglected in 
the training of geologists in the geology departments of our large uni- 
versities and institutes of technology. It is strange because water is in- 
volved in the processes and products that form the subject matter of nearly 
all branches of the science of geology, and moreover it is generally con- 
ceded to be inherently the most valuable of all the economic products of 
the rock formations. The explanation of this neglect seems to be some- 
what as follows: Hydrology is an earth science—it consists of the appli- 
cation of the basic sciences, such as physics, to the earth itself. Thus 
the subject has belonged to geology rather than to physics, but it never- 
theless requires a distinctive technique. When we consider that geology 
itself is a young science that has made rather spectacular progress in the 
differentiation and application of its subject matter, it is perhaps after 
all not so strange that hydrology has been temporarily neglected. Pro- 
fessor Tolman’s text book, with its large number of references to the 
ground-water literature, should furnish a practicable basis for a thorough 
course, for advanced students in geology, in that part of hydrology which 
relates to ground water. It may be expected that in the future such a 
course will find a place in the curriculum of most of the leading depart- 
ments of geology. 

Although Professor Tolman is a geologist, his book relates chiefly to 
the physics and especially the dynamics of the ground water, utilizing 
stratigraphy and structural geology only as needed to explain the occur- 
rence and movements of the ground water and the forces operating upon 
and through the ground water. The book presupposes a knowledge of 
geology but can doubtless be used successfully by engineers and other 
technically trained men who may have only an elementary knowledge of 
geology. It should be a useful reference book to economic geologists, 
whether they are interested in petroleum, metalliferous, or other deposits, 
or in the application of geology to engineering problems. 

In the first two chapters there is evidently an effort to give the book 
a popular interest. Chapter 1 cites many references to ground water in 
the Old Testament scriptures and describes the Kanats in Persia, thus 
suggesting the romantic story of the ancient ground-water developments 
in the arid region which is the birthplace of human civilization. It also 
sketches the development of ground-water theory, the superstitions and 
misconceptions regarding ground water, and the economic importance of 
ground water. Chapter 2 gives an elementary outline of the subject, 
especially for the use of lawyers in ground-water litigation. Chapter 3 
sketches other phases of hydrology—rainfall, run-off, evaporation, and 
transpiration. Chapter 4 outlines the hydrologic properties of water- 
bearing materials. Chapter 5 is a rather critical discussion of the soil, 
with special reference to its intake facilities. Chapter 6 relates to the 
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zone of aeration, Chapter 7 to influent seepage and artificial recharge, 
and Chapter 8 to permeability and the laws of flow of ground water. 
Chapter 9 relates to the water table and Chapter 10 to ground water in 
fractures and solution openings. Chapters 11 and 12 relate to artesian 
conditions and the water that is under pressure beneath confining beds. 
Chapter 13 treats briefly the hydraulics of wells and methods of well con- 
struction. Chapter 14 gives a concise outline of the dynamics of oil- 
field fluids and their relation to ground water. Chapter 15 relates to 
springs. Chapter 16 is entitled “ The ground-water inventory” and 
includes a digest of quantitative methods. Chapter 17 relates to the 
ground-water provinces of the United States, and is followed by a glos- 
sary, a table of hydraulic conversion factors, and an index. A bibliog- 
raphy is appended to each chapter. 

It is not practicable here to enter into a more detailed discussion of 
the contents of this book. In my judgment it is a comprehensive and 
systematic treatise of the subject, and is well written, well illustrated, 
and well supplied with references to the literature. Although critical 
students of ground water will not agree with all of the statements that 
are made, the treatment of the subject is essentially sound. 

O. E. MEINzeER. 
GEOLOGICAL SURVEY, 
UnitTep States DEPARTMENT OF THE INTERIOR, 
WasurincrTon, D. C. 


Earth Lore, Geology without Jargon. By S. J. SHANnp. Pp. viii and 
144; Figs. 33. E. P. Dutton & Co., Inc., N. Y., 1937. Price $1.75. 
This interesting little book deals briefly but comprehensively with some 

of the episodes in the geology of the Earth that have been most provoc- 
ative of argument. In a readable way it describes the method by which 
our present knowledge of the earth has gradually been developed, and the 
theories that have been proposed to account for its present condition. 
It gives an outline of the arguments that are active in trying to 
settle some of the big problems which are now engaging the attention of 
geologists, such as the origin of rifts and ramps, the character of the 
foundation of the earth crust, and the cause of the present distribution of 
land masses. The summary of the argument for and against the drifting 
of the continents is especially well done. 

The book does not deal with details, but on the other hand it gives 
an excellent idea of the larger features of the earth’s development. 
It furnishes a good picture of the present views of the structure of the 
Earth and its origin. It is non-technical and is easy to read. It is 
especially adapted to the intelligent layman who is not interested in 
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technical detail, but is desirous of getting a fair idea of geological 
philosophy. 
Unfortunately some of the illustrations are poor and there is no index. 
W. S. Baytey. 


Geology and Ore Deposits of the Ajo Quadrangle, Arizona. By JAMEs 
GILLULy. Pp. 83; figs. 1; maps 4. Univ. of Arizona, Tucson, Arizona. 
Arizona Bureau of Mines, Geological Series No. 9, Bull. 141. Price 
25 cts. (free to residents of Arizona). 

This bulletin is a condensation of a more complete paper that will be 
published by the U. S. Geological Survey. The cooperation between the 
Survey and the Arizona Bureau of Mines was a praiseworthy method of 
making the salient features of a valuable piece of work available to the 
public without the delay that often attends Survey publications. 

The Ajo bulletin is particularly useful because until now little has been 
known about the complex geological setting of this important copper 
district. The problems that confronted the New Cornelia Copper Co. in 
its early years were economic and metallurgical rather than geological. 
For this reason no detailed mapping of the surrounding region was at- 
tempted. Dr. Gilluly shows that the geology is far more complicated 
than had been suspected. The tortured look of the desert mountains 
reflects a long and dramatic story. 

After brief summary of general physical and geological features, Dr. 
Gilluly devotes nearly half of the bulletin (pp. 14 to 51) to a description 
of the 16 different rock formations in the Ajo Quadrangle. Earlier than 
the copper mineralization are the Cardigan gneiss basement with horn- 
blendite intrusions, both probably pre-Cambrian; Mesozoic intrusions of 
Chico Shunie quartz monzonite containing large included masses of 
hornfels of probable Paleozoic age; the Concentrator series of highly 
altered andesite, and keratophyre flows, breccias and tuffs, probably Cre- 
taceous; and a large intrusion of Tertiary Cornelia quartz monzonite and 
its earlier dioritic border facies. The Ajo ore is chiefly in a cupola of 
Cornelia quartz monzonite intruded into Concentrator volcanics. There 
is also some ore in the adjacent Concentrator volcanics and the dioritic 
border facies of the Cornelia quartz monzonite. 

The dioritic border facies of the monzonite is discussed in some 
detail. This rock is one of the puzzling features of the district, and 
other observers have disagreed as to whether it is a recrystallized con- 
tact phase of the volcanics er an independent diorite intrusion. Although 
contacts between monzonite and diorite are more clean-cut than those 
between diorite and volcanics, Gilluly concludes that the quartz diorite 
is an early phase or border facies of the quartz monzonite. 

After the intrusion of the Cornelia quartz monzonite there was a 
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great unconformity, followed by conglomerate and volcanic beds that were 
deposited at intervals from middle Tertiary almost to the present. The 
earliest and most interesting of these later rocks is the Locomotive 
fanglomerate, a series of thick poorly sorted beds of alluvial material 
exposed chiefly south and southeast of the main Little Ajo Mountains and 
of the New Cornelia orebody: Boulders of the locally underlying rock 
generally predominate. As some of the boulders are of typical copper 
ore, the fanglomerate was deposited later than the mineralization. This 
fanglomerate is evidently an old desert fan laid down on an irregular 
erosion surface. The maximum thickness ‘is from 6,000 to 12,000 feet, 
depending on whether or not there has been duplication by hidden faults. 

Following the fanglomerate are 6 distinct andesitic or basaltic forma- 
tions, largely flows and breccias, generally separated by unconformities, 
with one extensive conglomerate bed. Two groups of Pleistocene and 
Recent alluvial deposits—the older forming terraces along streams and 
on pediments, and the younger occupying present channels and filling the 
deep intermont valleys to a maximum depth of more than 800 feet 
plete the list of rock formations. 





com- 


A discussion of geologic structure is condensed to 10 pages that record 
a painstaking study of faults that are almost completely hidden by recent 
detritus, and brilliant deductions from scanty evidence. Three main 
faults or fault systems have divided the Little Ajo Mountains into blocks. 
Earliest of these is the Gibson Arroyo northeast fault, dipping 50 degrees 
southeast. This fault has dropped the smaller eastern mass of Cornelia 
Quartz Monzonite, in which the orebody occurs, far southeast and lower 
than the main mass of monzonite,; above which it originally rose as a 
cupola. The Little Ajo Mountain Fault trends northwesterly and brings 
the older rocks of the mountains on the southwest against fanglomerate 
and Ajo volcanics that underly the low hills and pediments on the north- 
east. The entire mountain block south of this fault has been tilted about 
50 degrees south for 2 miles normal to the fault, with a decreasing angle 
of tilt further south. The throw of the fault was 5,000 to 10,000 feet. 
Tilting south of the fault accentuated the effect of the Gibson Arroyo 
fault in bringing the eastern mass of Cornelia quartz monzonite down 
from its original position. The tilting also accounts for the steep 
southerly dip of the old erosion surface under the Locomotive fan- 
glomerate southwest of the New Cornelia mine, and of the layer of en- 
riched ore that follows this old surface. 

Later northeast faults have divided the area south of the Little Ajo 
Mountain Fault into several long blocks. Several of these faults have 
throws of from 1,000 to 3,000 feet or more. 


At the close of the section on general geology Dr. Gilluly gives an 
interesting explanation of the flat pediments that extend far out from the 
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bases of the mountains of older rocks. A summary of the complex 
geologic history is added. 

An excellent description of ore deposits occupies the last 12 pages of 
the paper. The description is clear and convincing as far as evidence 
now available is concerned. It is only too bad that Dr. Gilluly could not 
have seen the outcrop of the orebody before the oxidized material was 
removed. He would have noticed that a variation in character of 
oxidation and enrichment over mineralized monzonite that contained 
different proportions of pyrite and chalcopyrite was an interesting 
feature that has now been obliterated. In the discussion of supergene 
enrichment, no mention is made of the character of primary mineraliza- 
tion underlying the band of rich chalcocite ore that plunges down to the 
south below the old erosion surface under the Locomotive Fanglomerate. 
It would be interesting to know whether this material is like the major 
part of the New Cornelia ore, with very little pyrite compared with 
copper sulphides, or is higher in pyrite like the ore in other “ dis- 
seminated”’ copper districts where 'there has been much supergene en- 
richment. 

Dr. Gilluly closes with a list of places where additional orebodies 
may be hoped for. This is a valuable addition to the work. The only 
question that suggests itself is whether the area south of the present 
mine, under thick fanglomerate, can be definitely eliminated. Unofficial 
reports indicated that mineralized monzonite was found by an explora- 
tion company some years ago far out under the fanglomerate, at an 
elevation much shallower than that indicated by the 50 degree southerly 
dip of the fanglomerate. If the reports are true, either hidden faults 
or a great irregularity in the pre-fanglomerate surface may make the 
thickness of fanglomerate much less than the mile or two indicated by 
the dip of this formation. 

The Ajo paper will be invaluable for anyone who is considering de- 
velopment of prospects in this part of the Arizona desert. 


Ira B. JORALEMON. 
San Francisco, CALir. 


The Science of Petroleum, Vol. I. Pp. 836, quarto. Editors: A. E. 
Dunstan, A. W. Nasu, B. T. Brooxs, Sir H. T. Tizarp. Oxford 
Univ. Press, London, New York. 1938. Price $85.00 for 4 vols. 

This is an encyclopedic work that is “a comprehensive treatise of the 
principles and practice of the production and refining of oil.” Volume I 
has just appeared; the other volumes are to follow shortly. It is a co- 
operative work, as all encyclopedias are, comprising some 300 con- 
tributors, carefully chosen from among those who know most about their 
particular subjects, about half of them Americans, and is prefaced by 
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Walter C. Teagle of the Standard Oil Co. of New Jersey. Its purpose 
is to cover the entire field of petroleum. 

Volume I is devoted to geological and geophysical aspects. The 17 
section headings are: Nomenclature, Statistics, Origin, Distribution, 
Migration, Accumulation, Geological, and Geophysical Exploration, 
Drilling, Sampling and Surveying, Production, Waters, Power, Measure- 
ment, Transport, and Storage. The other three volumes, although they 
will be devoted largely to technology will also contain parts relating to 
properties and products of petroleum of different fields, natural gases, 
instrumentation, and a discussion of the origin and properties of shales 
and bitumens. The various technologic features of petroleum produc- 
tion, refining, and products are gone into in great detail. 

Although it is an encyclopedia, the material of Volume I is not overly 
condensed. Each section carries also a bibliography. Good halftones 
and line drawings are numerous; the paper and printing are excellent. 
This momentous work contains something about every phase of petroleum. 
It will unquestionably prove indispensible to the geologist, geophysicist, 
and all dealing with the production of petroleum. It is necessarily bulky 
and expensive, but everyone eventually will realize that he must have 
recourse to it. 

ALAN BATEMAN. 


Edward Wilson of the Antarctic. By Gro. SEAVER. Pp. xxxiv + 307; 

Pl. 17; maps. 3. E. P. Dutton & Co., N. Y., 1937. Price $3.00. 

This is a biography that is well worth reading by anyone who is 
interested in an account of the life-of a man who not only was a hard 
and conscientious worker on any problem that presented itself to him, 
but at the same time was a respected comrade and an inspiring leader to 
the group of men with whom he was associated during that terrible 
trip to the South Pole with Scott, which has been called the hardest trip 
in the world. The book covers the entire life of Dr. Wilson, but natur- 
ally emphasizes his experiences in Antarctica. It contains many items 
of interest that throw light on Wilson’s influence upon his associates, and 
many others that suggest the broadness of his scientific outlook. 

The book is well written and is illustrated with a number of Wilson’s 
own sketches carefully reproduced. Much of the text consists of excerpts 
from Wilson’s letters and from those of persons who knew him well, and 
extracts from printed accounts of his activities. It is a book that is 
worthy of the attention of any reader who enjoys well written biography 
of a man who was, according to the testimony of his friends and ac- 
quaintances, one of “nature’s noblemen”; and who, at the same time, 
was a scientist of note, a man of great courage, and a kindly and help- 
ful comrade under almost unbelievably hard conditions. 


W. S. BAYLEY. 
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Methods in Paleontology. By Cuartes L. Camp and G. Datras 
Hanna. Pp. xxiii + 153; figs. 58. Univ. of Cal. Press, Berkeley, 
1937. Price, $2.50. 

This is a manual of field methods in the collection and laboratory tech- 
nique in the preparation of vertebrate and invertebrate material. Of 132 
text pages, 74 by Prof. Camp are devoted to vertebrate paleontology and, 
of the remaining 58 pages by Dr. Hanna, 17 are given to macrofossils 
and 41 to microfossils. The book is concisely-written, well-illustrated, 
and contains an adequate bibliography. It brings together much infor- 
mation that was formerly contained in scattered sources, as well as new 
methods not previously described. The book should be of value, not only 
to the beginner in paleontology, but to the experienced technician, who 
might incorporate to his advantage some of the methods outlined. The 
information contained in this little volume should be of particular 
interest to the worker in vertebrate paleontology and oil geology; the 
treatment of macrofossils is somewhat brief. 

J. D. Bateman. 


America’s Yesterday. By F. Martin Brown. Pp. 319, illustrated. J. 
B. Lippincott Co., Philadelphia, 1937. Price $3.50. 


We are accustomed to books on early man in Europe, Asia, and Africa, 
but few American and fewer non-American readers see much about 
antiquity in the Americas. This volume offers an opportunity to the 
general reader and should be of particular interest to geologists, geog- 
raphers, and mining engineers. 

After a preamble regarding man of antiquity, the author treats of the 
basket men of the southwestern United States, and then of the great 
Aztec, Maya, and Inca civilizations and the cultures of the various 
American races. The last chapter summarizes America’s contribution. 
The book is authentic, it is highly readable, it is well illustrated, and it is 
one we can recommend to our readers. 


Industrial Minerals and Rocks. Edited by the Committee on Indus- 
trial Minerals Volume. S. H. Dolbear, chairman. Pp. 955. Amer. 
Inst. Min. and Met. Engrs. New York, 1938. Price to member $2.50, 
to others, $6.00. 


This comprehensive volume sponsored by the Seeley W. Mudd Me- 
morial Fund was organized and edited by Messrs Dolbear and Bowles 
assisted by an editorial board and advisory committee. Each of its 49 
chapters on individual industrial minerals is written specifically for this 
volume by well known specialists and the whole has been coordinated by 
the editors. 
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Each industrial mineral is treated under materials, composition, prop- 
erties, origin and occurrence, distribution, commercial control, production 
and consumption, mining, treatment, and marketing, and is accompanied 
by a bibliography. 

It is the most comprehensive, accurate, and authoritative treatise of its 
kind. It should prove of great value to students, technologists, and manu- 
facturers, and is a publication worthy of the Institute and of the Seeley 
W. Mudd Memorial Fund. 


Early Man. ,Edited by G. G. MacCurpy. Pp. 362; pl. 27; figs. 54. 

J. B. Lippincott Co., Philadelphia, 1937. Price $5.00. 

This volume, introduced by John C. Merriam, represents the results of 
the International Symposium on Early Man held in Philadelphia in 
March, 1937, to commemorate the 125th anniversary of the Academy of 
Natural Sciences of Philadelphia. Its forty authors, most of them 
known internationally, presented the latest findings on early man. Pro- 
fessor MacCurdy has ably edited these papers so that they now represent 
a unified story from the Peking Man of a million years ago, through 
the Java Ape Man and Piltdown Man of a half million years ago to the 
Neanderthal Man of Europe and the Folsom Man of southwestern North 
America some 15,000 years ago, and the Neolithic Man and the Swiss Lake 
dwellers of a mere 8,000 years ago. 

This is the most authoritative group of papers on pre-history ever 
gathered together and surprisingly enough they are so well written and 
so carefully edited that they can be appreciated by everyone. Americans, 
3ritish, Germans, Scandinavians, Dutch, French, South Americans, 
Chinese, and others have contributed. The glacial history and environ- 


ment of the various finds are presented by geologists and geographers. 
The many excellent illustrations help to carry the story. 
ALAN BATEMAN. 
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BOOKS RECEIVED. 
J. D. BATEMAN. 


Relation of Salinity to the Calcium Carbonate Content of Marine 
Sediments. P. D. Trask. Pp. 26; figs. 8; map. U. S. Geol. Surv. 
Prof. Paper 186-N, 1937. Price, 20 cts. Salinity as well as tempera- 
ture affects the solubility of calcium carbonate; ocean areas of high 
salinity may be supersaturated, favoring precipitation of calcium car- 
bonate; results are applied to deposition of red clay and to past climates. 


Aerial, Geological and Geophysical Survey of Northern Australia. 
Pp. 91; maps, 12. Parliamentary Rept. for period ended Dec. 31, 1936. 
Canberra. Price, 4/3. Results of exploration as aid to development 
of mineral resources. 

Major Texas Floods of 1936. T. Datrymp Le, et al. Pp. 146; figs. 33; 
pls. 12. U. S. Geol. Surv. W-S Paper 816, 1937. Price, 25 cts. 
Descriptive. 

Bibliography of North American Geology, 1935 and 1936. EmMa 
MERTINS THom. Pp. 504. U.S. Geol. Surv. Bull. 892, 1937. Price, 
50 cts. Brings Bulletin 8609 up to date. 


Geology of St. John, New Brunswick. A. O. Hayes anp B. F. Howe t. 
Pp. 146; figs. 4; pls. 8; tables 3; map. Geol. Soc. Amer., Special 
Papers No. 5, Oct., 1937. Detailed stratigraphy; excellent plates, and 
a fine contribution to the geology of the Maritimes. 

Annuaire. Pp. 525. Bur. d’Etudes Géol. et Min. Coloniales, 1937. 
Statistics on mineral industry and production of French colonies. 


Josselin-Delestre Map-Area, Abitibi County. H. M. BANnNeRMAN. 
Mégiscane River Headquarters Area. C. Faerssier. Villebon- 
Denain Area, Abitibi, Témiscamingue and Pontiac Counties. G. 
K. Lowruer. Sainte-Agathe-Sainte-Jovite Map-Area. F. Fitz Os- 
BORNE. Pp. 91; maps, 3. Quebec Bur. Mines, Ann. Rept., 1935, part 
C. Quebec City, 1936. Pre-Cambrian map areas in Quebec. 

Geologic Map of Alberta, 1937. Jonn A. ALLAn. Scale, 16 miles to 
1 inch. Alta. Dept. Lands and Mines, Edmonton. Price, 75 cts. 


The Eska Creek Coal Deposits, Matanoska Valley, Alaska. R. Tuck. 
Pp. 29; maps, 4. U.S. Geol. Surv. Bull. 880-D, 1937. Price, 35 cts. 

Northern Dubuisson Area, Abitibi County. L. V. Bert. Guillet 
Township, Témiscamingue County. B. T. Dennis. Currie Town- 
ship Map-Area, Abitibi District. G. S. Mackenzie. Pp. 113; figs. 
7; pl.; maps, 3. Que. Bur. Mines, Ann. Rept., 1935, part B. Quebec 
City, 1936. Lode gold prospects in pre-Cambrian map areas. 

Salt Brines of West Virginia. P. H. Price, C. E. Hare, J. B. McCue 
AND H. A. Hoskins. Pp. 203; figs. 18; pls. 23. West Va. Geol. Surv., 
vol. 13, Morgantown, 1937. Vast reserves of brines that yield chlorides 
of sodium, calcium, and magnesium and small amounts of bromides and 
iodides. 











474 REVIEWS. 


Bol. del Geol. y Mineria, vol. 1, no’s 2, 3, 4. Pp. 339; maps. Caracas, 
Venezuela, 1937. Summary reports on Venesuelan geology. 


Illinois Mineral Industry in 1936. W.H. Voskum, Atma R. Sweeny, 
AND W. A. Newton. Pp. 65; figs. 9; tables, 53. Ill. Geol. Surv., 
Rept. of Investig. no. 46, Urbana, 1937. Coal production reached 50 
million tons in 1936, the highest since 1930. 


The Jackson Gas Field and the State Deep Test Well, Mississippi. 
W. H. Monroe ann H. N. Tover. Pp. 73; pl.; figs. 5. Miss. Geol. 
Surv. Bull. 36, University, 1937. Reserves vary from 100 to more than 
200 billion cu. ft.; deep test well drilled to 5,530 feet yielded no oil or 
gas below present producing horizon. 


Sixteenth Biennial Report of the Mississippi Geological Survey. Pp. 
7. University, 1937. 

Geology and Economic Features of the Pegmatites of Taos and Rio 
Arriba Counties, New Mexico. Evan Just. Pp. 73; fig.; maps, 3. 
New Mex. Sch. Mines Bull. 13, Socorro, 1937. Mica, lepidolite and 
spodumene have been exploited. 


Barite. G.I. WuitLtatcu. Pp. 25. Tenn. Div. of Geol., Markets Cire. 
7. Nashville, 1937. 


Geophysical Abstracts 88, January-March, 1937. W. AyvazocLou. 
Pp. 42. U.S. Geol. Surv. Bull. 895-A, 1937. Abstracts of domestic 
and foreign geophysical papers. 


Flood in La Cafiada Valley, California, January 1, 1934. H. C. 
TROXELL AND J. Q. PETErson. Pp. 45; figs. 9; pls. 18. U.S. Geol. 
Surv. W-S Paper 796-C, 1937. Price, 20 cts. Record of enormous 
quantities of débris transported during flood. 


Selected Bibliography on Erosion and Silt Movements. G. R. 
WILLIAMS AND OTHERS. Pp. g1. U.S. Geol. Surv. W-S Paper 797, 
1937. Price, 15 cts. U.S. and foreign papers listed. 

Geology and Ground-Water Resources of Webb County, Texas. 
J. T. LonspaLe anp J. R. Day. Pp. 104; figs. 6; pls. 11; map. U.S. 
Geol. Surv. W-S Paper 778, 1937. Price, 30 cts. Ground-waters from 
all the formations (Eocene to Recent), except the Carrizo sand, are of 
variable quality and mineralised—necessitating caution in their use for 
irrigation. 

Clays and Some Other Ceramic Materials. C. W. Parmere. Pp. 136 
(Lithoprint). Edwards Bros., Ann Arbor, 1937. Well written and 
illustrated ; composition, origin, occurrence, good references; invaluable 
to all interested in clays. 

*Ware Sherman. JosepH LeConte. Pp. 146. Univ. of Calif. Press, 
Berkeley, 1937. Price, $1.50. A journal of 3 months personal experi- 
ence of LeConte in the last days of the Confederacy—an interesting 
background of a noted geologist. 


Brazil: Dept. of Mineral Production, 1937. Bol. 13, Ouro e Bauxita, 
Gurupy (by Messers pe Paiva, CAPPER, DE Souza, ABREU), pp. 172; 
general geology, gold deposits, bauxite. Bol. 15, Geol. e Miner. Res. 
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do Meio Norte (by pe Paiva anp Miranpa), pp. 55; colored map. 
Bol. 16, Metallogenese do Massico Brasileiro (by GUIMARAES), pp. 
86; stratigraphy, petrology, and structure. Bol. 17, Geol. e Movi- 
mentos Sismicos de Bom Successo, Minas Geraes (by Morars AnD 
MaLaMPHy), pp. 62; petrology, structure. 


Brazil: Dept. of Mineral Production, 1937. Avulsos: 13, Emeralds; 
14, Zircon; 15, Bauxite; 16, Petroleum (Acre); 17, Japanese Im- 
ports from Brazil; 18, Minerals of Rio Branco; 19, Diamonds and 
Carbonados in Bahia; 20, Gold mining; 21, Iron in Bahia; 22, 
Copper in S. Rio Grande; 23, Monazite in Bahia; 24, Bauxite. 


Water Levels and Artesian Pressure in Observation Wells in the 
United States in 1936. O. E. Meinzer anp L. K. WeEnzeEL. Pp. 
511. U.S. Geol. Surv., W-S Paper 817, 1937. Price, 25 cts. Sta- 
tistical data subsequent to publication of W-S Paper W70s 

Ground Water in Avra-Altar Valley, Arizona. D. A. Anprews. Pp. 
17; fig.; pls. 4. U. S. Geol. Surv., W-S Paper 796-E, 1937. Price, 
10 cts. 

The Yukon-Tanana Region, Alaska. J. B. Merrie, Jr. Pp. 276; figs. 
2; pls. 14; map. U. S. Geol. Surv. Bull. 872, 1937. Price, 70 cts. 
Gold, tin, tungsten, and coal in formations ranging from pre-Cambrian 
to Tertiary. 

Geology of the Neighbourhood of Sungei Siput, Perak, Federated 
Malay States. H. E. F. Savace. Pp. 46; fig.; pls. 10; map. F. 
M. S. Geol. Surv., Singapore, 1937. Price, $2.00 (straits). Tin, iron, 
copper, lead, sinc, tungsten, and non-metallics in Carboniferous to Ter- 
tiary formations. 


Thermal Springs in the United States. N.D. Stearns, H. T. STEARNs, 
AND G. A. Warinc. ‘Pp. 147; figs. 7; pls. 9; map. U.S. Geol. Surv. 
Bull. 679-B, 1937. Price, 35 cts. Most thermal springs derive their 
temperature from magma that is still cooling; more than 1,000 spring 
localities listed. 


The Warm Springs of Georgia. D. F. Hewitr anp G. W. CrickMay. 
Pp. 40; fig.; pls. 7; map. U.S. Geol. Surv., W-S Paper 819, 1937. 
Price, 25 cts. Meteoric water is heated by geothermal gradient and 
discharged at surface. 

Geology and Ground-Water Resources of Ogden Valley, Utah. R. 
M. Leccette anp G. H. Taytor. Pp. 60; figs. 11; maps, 6. U. S. 
Geol. Surv., W-S Paper 796—-D, 1937. ° Price, 10 cts. Sufficient arte- 
sian recharge to be perennially adequate at present rate of pumping. 

Light-Weight Product Possibilities of the Porters Creek Clay of 
West Tennessee. G.I. Wuittatcu. Pp. 24. Tenn. Div. of Geol., 
Res. of Tenn. (2nd ser.), no. 1. Nashville, 1937. 


La Industria Minera en el Peru, 1936. Oscar Anayza T. Pp. 233. 
Cuerpo de Ing. de Minas del Peru, Bol. 119. Lima, 1937. Review of 
metals, non-metallics, and petroleum. 


The Chromite Deposits of the Bushveld Igneous Complex, Transvaal. 
W. Kuprerstrcer, B. V. Lompaarp, B. WaAsSERSTEIN, AND C. M. 
ScHWELLNUs. Pp. 48; figs. 6; pls. 2. S. Africa, Geol. Surv. Bull. 10 
Pretoria, 1937. Price, 6d. Geology and beneficiation of chromite ore. 











SCIENTIFIC NOTES AND NEWS 








FRANK AYER, general manager of Roan Antelope and Mufulira Copper 
Mines, has been in the United States for a short vacation. 

Lucien Eaton, formerly consulting engineer for the Copper Range 
Company and Isle Royale Company, has been appointed general manager 
of the Isle Royale Copper Company, which is about to resume production. 


C. A. Mirxe has gone, via the “ China Clipper,” to the Philippines, 
China, and Japan, for gold-mining interests. 

C, E. Potrrer, mining engineer, has announced the removal of his office 
to 49 Wall St., New York City. 

W. A. SIMKINs, engineer in charge of certain operations of the New- 
mont Mining Corp. at Grass Valley, Calif., has been inspecting gold 
properties in Nevada. 

Raymonp Hur te has gone to Potosi, Bolivia, as assistant geologist for 
Cia. Unificada del Cerro de Potosi. He was formerly with the Idaho- 
Maryland Mines Co., of California. 


CiirForD WENDELL, formerly with the Anaconda Copper Co. of Butte, 
Mont., is now geologist for Compania Huanchaca de Bolivia at Pulacayo, 
Bolivia. 

GeorGE S. Rev, Box 25, Schermerhorn Hall, Rm. 108, Amsterdam Ave. 
at 119th St., New York City, has taken over the Microscopic Thin Section 
Laboratory, formerly operated by Paul H. Bird, for the making of thin 
sections, polished surfaces, and all microscopic preparations. 


Tue Society or Economic Geoxocists will hold a joint meeting with 
the Industrial Minerals Division of the A. I. M. M. E. at Knoxville, Tenn., 
Oct. 6, 7, and 8, 1938. There will be field excursions to a marble quarry 
and mill, to the laboratories at Norris, and, if possible, to one of the zinc 
mines; details will be announced later. One joint technical session will 
be devoted to papers on the Geology and Technology of Building Stones 
and Other Nonmetallic Mineral Deposits of the South and one Society 
session to Appalachian Mineral Deposits. Papers on these subjects will 
be welcomed. 


Tue Society or Economic Georocists will hold its Annual Dinner and 
Presidential Address at the Harvard Club, New York City, on Tuesday, 
Feb. 14, 1939. 

Tue ILiinors-INDIANA PETROLEUM AssocIATION held its sixth Annual 
Conference in Robinson, Ill., on June 4. The program dealt with ad- 
vanced methods used in prospecting, developing technique, geological find- 
ings and forecasts, and potential recoverables. 
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A SET OF GRIDS FORT THE DETERMINATION OF NON-OPAQUE MINERALS 
BY MEANS OF THEIR PHYSICAL, OPTICAL, OR CHEMICAL PROPERTIES 


for the use of geologists, petrographers, mineralogists ; mining engineers, petroleum geol- 
ogists, mineral collectors; and students of sedimentation, metamorphism, petrotectonics. 
by J. D. H. DONNAY, E.M., Ph.D. 


Associate in Mineralogy and Parooabes 








The Johns Hopkins University, Baltimore, Md. 
This set is described in AMERICAN MINERALOGIST, Vol. 23, pp. 91-100, 1938. It con- 
tains 255 determinative grids. Price, F.O.B. destination, $15.00 


Additional grids (on extinction angles, twinning, etc.) recently prepared 
sell for 10 cents apiece, F.O.B. Baltimore. 
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of the 


ANNOTATED BIBLIOGRAPHY OF ECONOMIC GEOLOGY 


is now ready for mailing. 





Order from 
ECONOMIC GEOLOGY PUBLISHING CO. 
URBANA, ILL. 




























GEOLOGISCHES ZENTRALBLATT 
ABTEILUNG A: GEOLOGY 
GEOLOGISCHES ZENTRALBLATT appears on the first and fifteenth of each 
month in parts containing 4-5 signatures. Nine partsconstituteavolume. Fifty- 
six volumes (1901-1936) have been published. 
ABTEILUNG B: PALEONTOLOGY 
PALAEONTOLOGISCHES ZENTRALBLATT appears in a single part of 4—5 sig- 
natures each month. Eight parts constitute a volume. 
The price per volume of the Geologischen Zentralblatt (Abt. A) is 48 Rm. 
The price per volume of the Palaeontologisches Zentralblatt (Abt. B) is 48 Rm.;seven 
volumes have appeared. 


Address: Gebruder Borntraeger, Berlin, W. 35., Germany 











































SOCIETY OF EXPLORATION GEOPHYSICISTS 


(Formerly Society of Petroleum Geophysicists) 


The change in name was made to indicate more clearly the close identification of the So- 
ciety’s aims and objects with the recent recognition that exploration is inherently a primary 
division of the petroleum industry. 


The Society’s publication “ Geophysics” will remain as the medium for public presentation 
of papers dealing with the more important phases of exploration for natural resources, which 
meet the scientific standards established in the past by the Society, and maintained continuously 
by the Editor, Dr. M. M. Slotnick, and the past Editor, Dr. F. M. Kannenstine. 


Application for membership in the Society and subscriptions to “ Geophysics” should be 
made through 
M. E. Stives, Secretary-Treasurer, 


2011 Esperson Bldg., Houston, Texas. 
Subscription Rates (Non-members) : 
U.S. A. Foreign 
Yearly $6.00 $6.50 
Single copies $3.00 $3.50 














ECONOMIC GEOLOGY 


PETROGRAPHIC 
MICROSCOPE | 
MODEL IlI-M 


for 


Student and Routine 
Work 


A most compact and precise Petrographic Microscope, our Model III-M, 
meets the requirements of student and laboratory work for mineral identi- 
fication. It has a graduated object stage of 120 mm diameter with 
vernier and clamping device for ,arresting the rotation; coarse adjust- 
ment by rack and pinion, fine adjustment by means of micrometer screw 
with vernier reading to 0.002 mm; tube analyzer on slider; Amici- 
Bertrand lens; objective changing and centering device; illuminating 
apparatus with Ahrens prism, and swing-out triple condenser. The 
above equipment, including achromats 16 mm and 4 mm, two eyepieces 


with cross lines, gypsum plate, mica plate and quartz wedge, $330.75. 


Write for Catalogue V-B-D 


ee eo ee A ee 
730 Fifth Ave., New York 


Branches 


Chicago Washington Detroit 


Western Agents 


Spindler and Sauppe, Inc. 
Los Angeles and San Francisco, California 
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REVUE DE GEOLOGIE REVIEW OF GEOLOGY 
et des Sciences connexes and Connected Sciences 
RASSEGNA DI GEOLOGIA RUNDSCHAU FUR GEOLOGIE 


e delle Scienze affini und verwandte Wissenschaften 


Published monthly with the cooperation of the Fondation Universitaire de Belgique, under the auspices 
of the Société Géologique de Belgique, with the collaboration of many National Geological Surveys, Scien- 
tific Institutions and Geologists throughout the world. 


@ oe général of the REVUE DE GEOLOGIE: Institut de Géologie, Université de Liége, LIEGE 
elgique) 

The REVUE DE GEOLOGIE is par excellence the review of geological reviews; it is not a commercial 
undertaking, but its aim is to secure a cordial collaboration among geo! ogists of all countries; it publishes 
summaries of their works and arranges exchanges of documents among its subscribers. 

The subscription price of vol. XVIII (the current volume) is 35 belgas. 

Address: M. G. TIBAUX, Treasurer of the REVUE DE GEOLOGIE, 35, rue des Armuriers, Liége 


(Belgique). Sample Copy Sent on Request. 


M A A Determines Direction 
and Dip of Drill Holes 

Drill Hole Compass 
E. L. DERBY, Jr., Agent, Ishpeming, Michigan 


14.7 CODE: McNeill’s, 1908 























LABORATORY FOR ROCK ANALYSES 


Chemical analyses of rocks and rock minerals made with the accuracy re- 
quired for research work in petrography: for students, geologists, and surveys. 
Moderate prices. 


FRANK F. GROUT, in charge 


GEOLOGY DEPARTMENT, UNIVERSITY OF MINNESOTA 
MINNEAPOLIS, MINNESOTA 








A New A. A. P. G. Book 


GULF COAST OIL FIELDS 


A Symposium by Fifty-Two Authors 


Forty-four papers reprinted from the Bulletin of The American Association of 
Petroleum Geologists, with a Foreword and an explanation for reading an aerial 
photo-mosaic by Donald C. Barton. 

Edited by 
DONALD C. BARTON, Humble Oil and Refining Company 
GEORGE SAWTELLE, Kirby Petroleum Company 


I. General and Theoretical—14 papers 
II. Stratigraphy—10 papers 
ITI. Oil Fields and Salt Domes—24 papers 
This book supplements Geology of Salt Dome Oil Fields (1926; edition sold out). 
bid new book is the response to a large demand. Order your copy now. Notice the 
ow price. Se 
* 1,084 pages; 292 figures; 19 halftone plates. 

* Blue cloth; gold stamped; paper jacket; 6 x 9 inches. 
* Price: $4.00, delivered. $3.00 to A. A. P. G. members and associates. 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
Box 979, Tulsa, Oklahoma 



































NEW BOOK LIST 


The books in the following list are all recent publications. Copies will be sent to any address in the 
United States, Canada or Mexico on receipt of the prices opposite the titles. Address Economic GEoLocy, 
Urbana, Ill. Books not in this list will be furnished at Publishers’ prices. THE PRICES OF ENGLISH BOOKS 
ARE QUOTED WITHOUT DUTY. bag PRICES OF ALL FOREIGN BOOKS VARY WITH THE EXCHANGE. 


Ore Topsite ui Riagmna tic Origin. By P. Nicci. Trans. by H. C. BoypELL 
Guide a the —. of of Non-Metallic Mineral Products. By W.S. BayLey. Pp. 530. 


Field Sates” 
German-English Coan Vesiaeee” By W. R. Jones = A ag Pp. xv + 250. Cloth. 
A Descriptive Petrography of the Igneous Rocks. Vol. I. By A. JOHANNSEN. Pp. xii + 268. 


Figs. 145. hag 654 x9% 
e Quartz- che Rocks. "Pp. , xxix + 420. Illus. i0. Cloth 
A Pronel-Baelish Vocabulary in Geology — Paysical Geography. By G. ~ a 
ot! 


y R. A. Dav x. Pp. 598. Illus. 
Figs. 185. Cloth,6x9 

Thin Section Mineralogy. By A. F. RoGERs poe P. os Kerr. Pp. xii °F 3Ir. * Figs. 261. Cloth... 
Mineral Deposits. 4th revised Ed. By 

The Determine of me ong <i in Thin Keomon. By K. Couposa. Trans. by W. R. KENNEDY. 

75. igs. 50. ot ° 
The Deformation of the Earth's Crust. “By W. H. Bucusr. Pp. 525. Figs. 100. 
Die oo des Staates Minas G » Brasilien. By B. Vv. FREYBERG. Pp. xvi + 453. Figs. 


P Paper 
Grundtge , he Geologie und Lagerstittenkunde Chiles. “By J. BRUGGEN. Pp. viii + 362. Figs. 69. 


The aeciteny of I Raw Materials. By B. Emeny. Pp. 202. “Maps, etc., 29 . 

The Examination of Fragmental Rocks. By F.G. TicKeEtt. Pp. 127. Figs. 51. 

Structural Geology with Special Reference 2 Economic sapere. By Bouwus.ar Stocgs and C. H. 
Waite. Pp. 460. Illus. Cloth,6%x 

Handbook for Prospectors, 3dEd. By M. W. VON BERNEWITZ._ Pp. 372. Illus. ros. * Cloth; 3x7 

Sahara, The Great Desert. By E. F. Sages: Trans. by D. F. MAYHEW 

Tectonic Essays: Mainly Alpine. By E. B. Bamey. Pl. 5. Figs. 49 

Einfiihrung in die Geologie. By Hans Cioos. Pp. xii + 503. Figs. 356. Pis. 3 Cloth; 10%7.. 

Section Géologie Appliquée. Vols. I and II Congrés Intern. - Mines, etc. Seventh Session 
Pp. 1100. Paper, 23 x 28.5 cm 

Interpretative Petrology of the Igneous Rocks. By H. L. AtuNc. *'Pp. 350. . Illus. Cloth,6x9. 

Economic Geology of Mineral Deposits. By E.R.Littey. Pp. x + 811. Figs. 300. Cloth... 

sg le and Operating Small Gold Placers. 2nd Ed. By W. F. BOERICKE. > 144. lus. 30. 

oth,5 x7 

Mineral Indus Vol. 45, 1936. By G. ‘A. Rouscx. “Pp. "800. Cloth, 6x 9. naseean 

The Geology of outhwestern Ecuador. By G. SHEPPARD. Pp. xi+ 275. Illus. 195. 

— a and Uses. By W. A. Bong and G. W. Hmus. Pp. xvi * 631. 

. 29 ot! 
Geologie von Asien. Th. 2. By K. LEucus. “Pp. ‘viii + 317. Figs. 144. * Paper, 104 x7 
Der ag _ Geologie. Ba.I. Der Alpine Bauplan. By E. Kraus. Pp. xii + = Figs. 65. 
I aper, 10 

Atomic Structure of Minerals. By W.L. Bracc. Pp. 295. ‘Thius. 144. ae x9. 

Gold Deposits of the World. By W.H. Emmons. Pp. 552. Illus. Cloth, 6 

Elements of Optical Mineralogy. aera rox wsicscuieeed as Rae “By A. N. Wincuett. 
Pp. 263. Illus. 305. Cloth, 4 x9 

Die gy ona Rohstoffe. 


Pap 
Das Magma von seine Produkte. 

i + 370. Figs. 275. a! Cocesecesceces 
Detrolenmn Technology, 1936. ‘Sy Inst. Petrol. Geol. if viii: +326. “Tilus. 8. *“Gloth pubstecwhodhe 
Geologisches Wérterbuch. By C. C. BERINGER. Pp. 126. 8. 51 
Engineering ar ee Ed. By Rres & Watson. Pp. 750. Tllus. 407. Cloth, 6x9.......... 
Ground Water. By C.F. ToLtMan. Pp. 576. Illus. Patt 6x9 
Mineral Raw Materials. By MEMBERS U.S. BUREAU OF Mins. Pp. 342. Charts 65. Cloth, 6x9 
Geological Nomenclature. Edited by L. RutTrEn. Pp. viii+339. Illus. 58. Cloth, 8x11...... 
Invertebrate Paleontology. 7th Ed. By H. Woops. Figs. 221. —_ 

Retrospect. By T.A. RICKARD. Pp. 402. IIlus. 5. a. 
Professor David. By M.E.Davm. Pp. 320. Pl. a t! ° 
ed Cycle of Weathering. By B. B. Potynov. Mur. Pp.xii i+220. 

andering Continents. By A. L. Du Torr. as 48. eg 8vo 
The Geology and ey of the San Carlos Mountains ‘amauli ipas, Mex. By L. B. ‘Keune and 

others. Pp. xi+3. Pl. 30. Figs.18. Maps 13. Cloth, 8x11 
Outlines * Historical” joology. 3rd Ed. By C. Scuucuert and C. O. DunBarR. Pp. 24I. “Titus. 
Ist. ‘ot SGOD = no 0 6000.50.68 dns V6 U0 65.00 Sk NEE NSA SSS UES Oh T 86s 0ic0 be 60.00 04.6000 50 8 0b 65 
Principles of Structural Geology. 24 Ed. By C. M. Nevin. Pp. 348. Figs. 163. Cloth, 6x9... 
Economic Geology. 7th Ed. By H. Ries. Bp. 720. Figs. 378. Cloth, 
Edward Wilson of the Antarctic. By Gro. SEAVER. Pp. xxxiv + 301. Pi. 17. 





6x9 
aah toca.” ‘By S. J. SHAND. Pp. viii + a4; Figs. 33. Cloth, 544x744 
Landslides and Related Phenomena. By C. F.S.SHaRPE. Pp. xvi + 137. 
The Science of Petroleum. By 300 cathasicies. 4 Vol: 
Scientific Illustration. By J. L. Ripcway. Pp. *, Tiius. 
Methods in Paleontology. By C.L. Camp anpD G. D. HANNA. Pp. 153. IIlus. 
Ueber die Bildung und den chemischen Bau der Kohle. By P. Erasmus. Pp.viii+121. Paper, 8vo 
Die so raga oli Rohstoffe. Heft. 2. By P. KrusH. Molybdan, Monazite, Mesothorium. Pp. 

7 igs 

Die Wichtigsten Pagersiiitten der “‘Nicht-Erze.” Bd. III. Teil x. 

By F. Lorze. . Pp. xxvii+o036. Figs. 353 
Die Lagerstitten der arg Mineralien _ Gesteine. Bd. II. Teil 2. 

By E. Futpa. Pp. 240. Figs.94. Pape 
ie oe der deuischen Asher- und Waldbiden. 

aper, 
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